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remaining  in  samples  did  nol  di^er  between  treatments,  indicating  that  dietary  lat  in  this 
experiment  did  not  inhiial  fibei  digestibility. 

/a  vJwexperimenlulilized  WCSandbSTina2x2  rociorial  design.  Treatments 
were  OH  WCS.  0 bST  (TO).  15%  of  diet  dry  maner  (DM)  WCS,  0 bST  (Tl ).  fl%  WCS. 
208  mg(l4  d bST(T2).  and  15HWCS  plus  208  mg/14d  bST.  Ptimi-  and  multiparous 

WCS  (35.09  vs.  34,4d  leg;  pcfl.OQI),  as  was  milk  fat  percentage  (3.45  vs.  3.15%: 
peO.OOOl).  Whole  cottonseed  increased  plasma  high  density  lipoprotein  (HDL) 
cholesterol  (p<D.001)  and  progesterone  (P,:  pcO.OOl).  Plasma  HDL  was  also  increased 
by  bST  (p<0.00l).  First  lactation  animals  which  calved  during  the  warm  months  of  the 
trial  had  40%  greater  pregnancy  roles  to  two  limed  artificial  inseminations  when  receiving 
bST(p-0.0216). 

Finally,  a linear  program  was  constructed  of  an  exiatiag  dairy  farm  to  model  the 
potential  linarKinl  impact  of  reaearcli  efforts  in  nutrition  and  reproduction  onlbe  form 
enterprise.  Rattan  balancing  and  whole  fane  nitrogen  and  pho^honis  balancing  were 
included  as  elemcots  of  the  program.  The  model  selected  WCS  ni  the  maximum  allowed 


elected  bSTi 
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vtdesprad  adopUon  by  deiiy  fannen. 
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CHAPTER  2 
LITERATURE  REVIEW 


Diglarv  Fm  for  Runi:iiiuiU 


Meeirngi  the  numiionol  reqmremenls  of  high  producing  dniry  cattle  is  a challert 
of  increasing  difficulty  and  iniponnnee  for  the  dairy  indusity.  Wiihin  six  weeks  of  cal 
cows  reach  peak  milk  production  for  that  cycle,  while  preparing  to  return  to  normal 

generally  depressed,  and  consumption  will  nol  peak  until  approximately  12  weeks 
postpartum-  As  a resulL  cows  must  mobilize  body  stoms  of  far  and  prolcin  to  maintain 


termed  negative  energy  status  (NES)  (Staples  el  al,  1991). 

If  NES  is  severe,  milk  production  declines,  and  loss  of  body  condition  is  marki 
These  problems  are  further  aggravated  in  sub-tropical  and  tropical  climales  by  heal  sir 
which  further  depresses  feed  intake  and  milk  yield,  and  may  be  both  diracUy  aitd  indir 


ways.  The  first  method  is  to  increase  [he  readily  fermentable  carbohydralcs  in  Ibe  diet 


oil,  and  coaling  fois  wilh  scrum  or  gelaiin. 

Early  research  oa  oilseeds  hypothesized  that  whole  seeds  msisted  rumen 
degradation  because  bacteria  would  not  be  able  to  penelrate  Ibe  hard  seed  coat.  However, 

cattle.  Rather,  most  of  the  seed  coals  were  broken  by  mashoation.  and  subsequently  much 
of  the  lipid  was  broken  down  in  the  rumen  {Jenkins,  1993a). 

Calcium  soaps  oflcng-chainfetty  acids  (CoLCFA)have  received  greatest  attention 
over  the  past  decade,  and  have  been  the  sul^ect  of  numerous  trials.  Polmquist  and  Jenkins 
(19S0)  theorized  that  fatty  acids  bind  to  free  divalent  celions  in  the  rumen,  primarily 

be  absodied  in  the  duodenum  os  FFA  and  calions.  Bosed  on  this  theory,  Sukhijn  aitd 
Palmquist  (1990)  developed  a calcium  soap  of  palm  oil  furry  acids  which  hadapKa 
gmaiet  than  4,6,  mearting  that  half  ihe  forty  odds  would  dissociate  from  the  cation  at  thru 
pH.  Other  soaps  were  also  tested,  including  calcium  soaps  ofiaJlow,  rapesecd  oil,  and  soy 
oil.  Uidbrninately,  the  products  of  oils  high  in  polyunsaruraled  forty  acids  (PUFA)  hove  a 
sticky  consistency,  making  them  more  diflicuil  to  incorporate  into  feed,  and  had  pKdof 


: judged  I 


stable  01  pH  3.S. 


Fish  oi!  I 


: carboxyl  group. 


rFFA  may 
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Linolcic(lS:2u6)and  linolenic  acids  (I8;3(j3).  the  most  common  unsaTiiratcd  fatty  acids 
in  plant  material,  generally  are  redticcd  to  1 8:0. 

acids,  the  most  common  of  which  is  mrru^ocladec-l  l-enoie  acid,  comtiionly  referred  to  as 
vaccenic  acid.  Vaccenic  acid  may  comprise  5 to  lOH  of  nuninani  adipose  tissue  (Mackie 
elal.,l99ltJenkins.  1993a). 

Most  lipids  in  animal  feed  occur  inesterifled  form  as  triglycerides  or 
phospholipids.  Hydrolysis  of  these  esier  bonds  is  carried  out  by  cxtraccliularlipases  and 
esterases,  produced  by  bacteria  such  is  Anacravibrio  iipoJytka  usd  Butyrivibria 
fibrhoivens.  Bacterial  lipase,  unlike  mammalian  lipase,  completely  hydrolyzes 
triglycerides  to  FFA  and  glyceroL  with  virtual  ly  no  accumulation  of  mono-  or  diglycerides 


of  these  groups  consisis  of  species  capable  of  hydrogenating  16:2io6and  18:3u3  to 
vnccenic  acid,  but  cannot  reduce  vaccenic  to  1 8:0.  The  secortd  group  of  species  is 
capable  of  hydrogenating  many  18  carbon  fatty  acids  including  oleic  acid  (18;  Ilu9), 


been  identified  as  belonging  to  the  second  group:  two  strains  of  Fiaocillus  and  an 
unidentified  Oram-negative  rod  (Mackie  et  a).,  1991). 


King  the  (iuode 


i20gper  too  g fn 


lS:2u6  administered  compared  to  7U(g  I6;2te6per  IflO  gadfoinisleiedes  liitoleoyl 
melhioitlite  (Fotouhi  and  Jenkins,  1994). 

Palmquist  and  Kinsey  (1994)  found  that  concentrations  ofl8:2(i>6  attd  I8:3u3  in 
animal-vegeinble  blended  fat  decreased  rapidly  in  vino  from  a total  of]  SH  to  5%  during 
the  first  6 b of  incubatioa.  Concentrations  of  18:0  increased  from  7 to  20%.  while  mms 

hydrolyzed  (Ashes  el  al..  1992).  Alter  24  houre  incubabon.  the  concentration  of 
etcosapeiueooic  (20:Su3)  and  docosahexenoic  (22:6u3)  acids  were  virtually  unchanged 
(134420:5tu3  after  24  h incubation  vs.  13.39kin  frsh  oil).  Eighteen  carbon  mono<  and 
polyunsaturated  chains,  principally  18:ltu9and  I8:2u6,  contained  in  the  Hsb  oil  wore 
hydrogenated,  however. 


extracellular  cellulasaa,  perhaps  through  preventing  bindirtg  of  these  enzymes  with  Iheit 
subsume  (Jenkins,  1993a). 

Jenkins  and  Jenny  (1989)  rcpoilcd  decreased  acid  detergent  fiber  (ADF) 

Similarly,  Smith  et  al.  (1993)  observed  decreases  In  both  ADF  and  NOF  digestibilities  in 
cows  fed  either  whole  cottonseed  (WCS)  or  tallow,  or  the  two  fats  combined.  Negative 
eflecis  on  liber  digestion  were  more  marked  for  diets  containing  tallow  alone  compared  to 
WCS,  and  effects  were  more  negative  for  diets  whete  com  silage  was  the  sole  forage  than 
when  alfalfa  hay  was  added  to  the  diet.  Adams  (1993)  also  observed  decreased  fiber 
digestibility  in  cows  supplemented  with  fat  when  the  forage  was  com  silage,  but  NDF 
digestibility  improved  with  the  addition  of  alfalfa  hay  to  diets  with  supplemental  fat 
Neutral  detergent  fiber  digestibility  was  higher  for  cows  consuming  raw  WCS  compared 
to  roasted  WCS  or  no  WCS  diets  in  a study  by  Fires  et  al.  (1997). 

In  contrast.  Reddy  cl  al.  (1993)  noted  reduced  NDF  and  ADF  digesbbiiily  in  vitro 
when  ground  alfalfa  hay  was  incubated  with  soy  oil  or  whole  soybeans.  However, 
digestibility  of  fiber  fractions  was  higher  for  samples  containing  whole  seeds  versus  Ihnsc 
in  which  free  oil  was  added.  Decreases  in  rumen  organic  matter  (OM)  digestibility  in  vivo 
were  mainly  attributed  to  decreased  fiber  digestion  in  a study  by  Perlayand  Doieau  (1992) 


lilk  production  response,  Jenkins  (1993b)  stated  Ihtn  quantity  oft 


I added  fat.  SpeciHcally,  die 


amount  of  unsaruraied  fatty  acid  per  unit  of  ration  AOF  was  the  best  predictor  of  miik 
response  to  supplemental  fat.  He  suggested  that  the  optimum  ratio  of  unsorunued 
fattADF  was  0.06. 


of  responses  in  tbe  whole  oaimal. 


Changes  in  body  weight  (BW)  and  composition,  composiUon  and  metabolism  of  adipose 


Fat  feeding  lo  early  lactation  cows  was  expected  to  decrease  weight  loss  generally 
observed  during  the  first  6 weeks  of  lactation,  when  milk  production  peaks  but  feed  intake 
is  hequenUy  below  that  necessary  to  meet  requirements.  A number  of  methods  have  been 
used  to  estimate  the  effects  of  dietaiy  fiit  on  metabolism  of  early  laclation  covtct.  Including 
measuiemenisofBW.  body  condition  score  (BCS).  and  calculation  ofES. 

Body  condition  scoring  is  a system  developed  lo  express  tut  animal's  relative 
fatness  or  thinness.  It  Is  based  one  scale  of  one  to  five  for  daily  cattle  (1  to  10  for  beef 


lal.,  I9g4). 


One  method  used  to  sq 


Chhsiensen  el  al.  (1 994)  in&sed  four  types  offal  inlo  the  abomasum  of  sows  lo 
examine  posi'ruminal  effects  on  autnenl  digestibility,  metabolism  and  milh  production. 
The  four  fat  sources  tvere  either  mostly  saTumted  fatty  ncids,  or  fatty  acids  from  canola, 
soybeans,  or  sunflower  seeds.  Control  animals  were  infused  with  meat  solubles.  They 
found  that  far^  acids  decreased  DM1  compared  to  controls,  and  that  cows  infused  with 
saturated  fatty  acids  consumed  more  protein  and  digestible  ene^  lhan  cows  infused  with 

acids. 

Abomosal  infusion  of  canola  or  high  olcaic  sunflower  oilaldifTerenl  levels  Into 
locieling  dairy  cows  decreased  DM1  ortd  resulted  in  linear  Increases  in  triglycendc  rich 

(LaCoumelitl..  1994).  Plasma  cholesterol  also  increased,  and  NEFA  tended  to  increase 


B:l  (909e  partially  hydrogens 


I by  fndins  of  CaLCFA  i 
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diseslibiUt)'  c>riauric(l2!0),  myrislic  (14:0).  palmitolclc  (I6:lu7).  18:0,  |g!lu9and 
18:2u(}  incicased  by  addiliOD  otCaLCFA  to  the  diet. 

Chouinord  el  al.  (1998)  noted  lhal  ADF  digestibility  was  lowest  among  cows  fed 
Ca  soaps  of  soybean  oil  (hi^  in  I8:2w6)  compared  with  similar  CaLCFA  of  canola  (high 
In  lS:lu9)  and  linseed  oil  (high  in  I8:)u3|.  Kowever,  this  trend  was  not  noted  for  NDF 

Sebauffand  Clark  (1989)  lecommended  that  rumen  inert  fats  such  as  CaLCFA  or 
prilled  fats  not  exceed  3 to  4%  of  diet  DM.  Apparent  total  tract  digestibility  of  DM,  OM, 
ADF.  NDF  and  crude  protein  (CP)  were  not  significantly  altered  when  either  of  these 
supplements  were  fed  to  Inctating  dairy  cows. 

It  has  been  suggested  that  Irons  fatty  acids  are  absorbed  less  efficiently  in  the 
tower  digestive  tract  This  may  be  a partial  explanation  for  the  decreased  digestibility  of 
fat  in  total  tract  studies,  and  incomplete  utilization  of  the  energy  fat  is  expected  to  provide 


al  tract  digestibility  of  latty  acids  are  complicated 


than  the  liver  (Chilliard,  1993).  Fat  is  synthesized  principally  from  acetate  absorbed 


t fold  in  both  specie 


upplemcfiul  fish  oil. 
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variable.  Some  have  reported  increases  in  milk  pmdoclion  lAndeismi  eial..  1979; 
DePeiers  el  al..  1989;  Mcralleni  etol..  1997;  Plresetal..  1 997)  btil  these  increases  have 
been  modest  in  comparison  with  expected  gains  given  the  high  energy  density  of  fat 
(Clapperton  and  Steele.  1983:  Jenkins  and  Jenny,  1989).  Other  lesearchets  have  leponed 
no  effect  on  milk  yield  (Hawkins  el  al..  1985;  Lough  et  al..  1988;  Mohammed  el  ol.,  1988; 
Martinez  eial..  1991;  Bertrand  el  al..  1998;  Jenkins.  1998).  One  report  noted  n slight 
negative  effect  on  milk  yield  (Homer  el  al..  1986). 


Changes  in  milk  composition  frequently  have  been  reported.  Response  of  fat 
content  has  vniied  from  increasing (Kionfcld  ci  al.,  1980;  Smith  elal..  1981;  Martinezi 
al.  1991), to  decreasing  (Lough  ei  al.,  1988;  Mohammed  elal.,  1988;  Schauffand 
Clark,  1989).  Deoeased  prolein  csncenliation  of  milk  with  addition  of  fat  to  the  diet  is 
commonly  observed,  although  thi.s  does  not  always  result  in  decreased  protein  yield 
(Anderson  et  al..  1979;  Homer  et  al..  1986;  DePeiersei  al.,  1989;  Schauffand  Clark. 
1989:  Wilks  el  al..l99t). 


fermentation  and  onimol  metabolism,  discussed  previously.  Again,  type  of  fat  used  and 
interactions  with  other  diet  eompunents,  principally  fiber,  piny  a major  role  m the 
variability  of  observed  reponses.  Staples  et  el.  (1991)  and  Smith  and  Karris  (1992) 


vegetable  fat,  does  rtol  appear  to  have  a slgnilicant  e^ccl  on  milk  produclion. 
Vegetable  smtrees 


of  heat'Utated  whole  soybeans 


3.6%  for  this 


p.  P^Tcenuifies  of  both  milk  fat 


the  blood  I 


Cows  supplemciued  wiih  WCS  produced  more  milk  ihsncowr  supplemenled  with 
whole  soybeans  and  soybnm  hulls  in  a scudy  by  Abel-Coines  el  ol.  (1 997).  Milk  Tai  and 
protein  were  unalTecled  by  fat  source  in  this  study,  which  fed  a combinailoo  of  alfalfa  and 
com  silages  inaddtSS  ratio. 

Wu  etal.  (1994)  compared  thecflecis  of  whole  cottonseed  alone  or  mined  with 
either  safflower  oil  or  two  levels  of  prilled  tallow  (2.2  or  4.4  99).  Whole  cottonseed  alone 
had  no  elTect  on  milk  yield,  while  addition  of  safflower  or  prilled  tallow  increased  milk 
yield  over  controls  (35.0, 34.3  vs.  32.5  kg/d).  Milk  fat  percentage  tended  to  be  depressed 
by  addition  of  .salTlower  oil  (3.2d  vs.  3.49).  but  increased  when  prilled  tallow  replaced 
salTlower  oil  (2.2  J.5S%;4.4. 3.5IK).  Milk  protein  percentage  was  depressed  for  all  lai 
supplements.  Yields  of  for  and  protein,  however,  w ere  not  greatly  alTecled  by  treatment. 
Animal  fata 

la  general,  trials  designed  to  study  the  effects  of  animal  fats  have  utilized  tallow, 
grease,  and  animal-vegelabte  fal  blends.  Recently,  interest  has  been  generated  in  fish  oil 
and  fish  meal  as  fal  supplements  for  daiiy  cattle.  Reports  of  effects  of  animal  fat  on  milk 
protein  have  been  similar  to  those  of  vegetable  oils. 

diets  with  either  1 .6  or  1.7  Meals  net  energy  for  lacuiion  (NELykg.  Adding  fat  to  the 
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energy  densities  compared  lo  no  fat  diets.  The  high  concentrate  diet  (1.7  Meal)  resulted  In 
the  highest  conceninilion  of  milk  N.  Added  fat  Incieased  the  proportion  of  long-ohein 
fony  acids,  principally  IStOand  1 8;lte9.  in  milk  bland  decreased  short- and  medium- 


chain  fatty  acids.  Milkyield  was  higher  for  the  high  energy  fat  diet  (3.3  K,  1.7  Meals) 
than  for  the  other  three  diets  (26.B  va.  23.4  and  24.9  kg/d),  which  were  similar.  Total  milk 
fnt  was  higher  for  the  lower  energy  fat  diet,  which  the  authors  attributed  to  the  higher 
proportion  of  forage  in  the  diet. 

Fish  meal  has  also  leceived  anention  in  recent  years,  primarily  os  a source  of 

which  appear  to  be  relatively  resistant  to  ruminal  degradation,  as  discussed  above. 
However,  odditioo  of  fish  meal  lo  the  diets  of  dairy  cows  depressed  milk  fat  percentage 

(Spain  el  of,  1995).  Dry  matter  intake  showed  a quadratic  responseto  increasing  levels  of 
fish  meal  in  the  diet,  but  differences  in  intake  were  not  sufficient  to  alter  milk  production, 
the  authors  concluded.  Milk  protein  coacenlmtion  was  not  affected  by  fi^  meal  in  this 
cxperimeol. 

Fish  meal  was  compared  to  fish  oil  infusion  (Spain  el  al.,  1995).  Although  Bsh 
mcol  increased  the  levels  ofn-3  fatty  acids  in  plasma  compared  lo  fish  oil,  no  changes 
were  fctuid  in  milk  yield  or  composition  due  to  trcalmenls.  Cowa  fed  fishmeaJ  or  fishoit 
did  not  differ  in  ruminal  VFA  patterns  or  milk  fst  yield. 


Hydrogenated  tallow  was  added  to  diets  at  levels  ofO.  2. 4.  or  6 percent  to 
examine  enbcls  on  milk  yield  and  composition  in  an  experiment  by  Drackley  and  Elliot 


(1«3).  MilkyieldandDMIwereDOtsiBniflciimlyaifrrrenlainongtitaunnus.  T»l!ow 
decreased  milk  proiein  compared  to  controls  <2.84  vs.  3.02%  CP),  but  the  dTcct  was  not 

control.  2, 4,  and  6%  Tat,  respectively).  The  authors  speculated  Dial  decreased  milk  fat 
yield  might  be  due  to  inadequate  fiber  panicle  size  (ensiled  Ibmgcswcre  used)  or  high 
levelsoft'orulS:!  in  the  paniolly  hydrogenated  tallow.  Trsar  fatly  acids  inTused 
obomasally  depressed  milk  fat  percentage  compared  to  els  fatty  acids  and  control  in  a 
siudyhyRoiTiDetal.(l994). 

Elliott  et  al.  (1993)  fed  diets  conlaining  cither  no  fah  high  oil  com  (HOC) 
rqilacing  regular  com  grain,  high  oil  com  plus  2.5%  tallow,  and  high  oil  com  plus  5% 
tallow.  Milk  yield  tended  to  be  greater  for  cows  on  high  oil  com  plus  2.5%  tallow,  but  the 
diRcrences  were  not  significant.  Yields  of  milk  fat  and  protein  were  unaifecled  by  diet, 
although  protein  percentage  was  lower  for  cows  receiving  lallow  (3.04. 2.98. 2.87, 2.80% 

added  to  Ihc  diet;  this  result  was  significant  for  HOC  vs.  lallow.  bul  not  for  other 


Milk  yield  was  greatest  for  cows  receiving  1.6  % of  DM  as  tallow  compared  to 
cows  consuming  8%  of  DM  as  roasted  soybeans  (Gruciraer  el  ai.,  1996).  However,  cotvs 

receiving  hydrolyzed  lallow  fatty  eclds  or  hydrogenated  lallow. 


Lilting  frnn 


depressed  milk  fat  (Teler  elal..  1995).  In  dairy  cattle,  milk  fat  depression  occrirred  within 
Ihieedays  oftreginning  feeding  ofSKofOM  ashigh  Ig:2u6  soybean  oil,  end  this 

18:1  fsoy  acids  resulted  in  similar  decreases  in  milk  fat.  Adding  buffers  to  the  diet 
decreased  irans  fatty  acid  concentration  and  increased  total  milk  fat  percentage  in  cows 
fed  high  concentrate  dicks,  while  cows  receiving  the  same  diels  without  buffer  produced 
more  irtinr  fatty  acids  and  less  total  milk  fat  (Kalscheur  et  al..  1995). 

Wonsil  elal.  (1994) also  reported  an  inverse  relationship  between  milk  fat 

diets  containing  either  no  added  fat  or  3K  fat  as  hydrogenated  tallow,  menhaden  fish  oil 
plus  l8:D()il),  or  soybean  oil  plus  partially  hydrogenated  soybean  oil  (Ul).  Milk  bt  yield 
was  lower  (0.90 and  1.14  kg/d)  and amounl of  trwir  laRy  acids bigber(l63  and  IS2g/d) 
in  the  fish  and  soybean  oil  diets  compared  to  control  and  hydrogenated  tallow  (milk  fist. 


I.17;tmn5l8:l.37i 


cids  (93?4  bydroge 
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(4.07  vs.  3.80H).  Milk  prolein  was  also  depressed  when  WRS  wa.s  added  10  ihe  diet 
coniaining  hay  compared  to  other  diels  (2.95  va.  3.06, 3.07,  and  3.l95h  for  silage* WRS, 
silage*  WRS.  siioge*hay-WRS,  respectively). 

In  a second  experiment,  the  aiuhors  compared  the  effects  of  different  levels  of 
NDF  in  alfalfa  and  com  silage  diets  when  WRS  was  fedfGmniand  Weidner,  1993).  In 
this  study,  fat  did  not  affect  milk  yield  or  composition,  but  low  NDF  (2SK)  decreased  fat 
conceniiation  compared  to  the  high  NDF  (29%)  diet  (3.57  vs.  4.01  and  3.91%).  An 

to  diets  with  25%  NDF  decreased  mrU  yieU  compored  to  the  same  fiber  level  without 
added  WRS  (30.9  vs.  33.1  kg/d|.  TTie  opposite  results  were  obtained  with  29%  NDF 
diels  with  or  without  added  WRS  (32.1  vs.  30.7  kg/d). 

No  interaction  between  ruminally  protected  fat  as  CaLCPA  and  diet  NDF  level  for 

detergent  fiber  levels  were  25  or  3l%of  diet  DM  (S0or70%alfalfa  silage).  Calcium 
soaps  depressed  milk  protein  percentage  regardless  of  NDF  content  of  the  diet  (25% 
NDF-CaLCFA,  3.05%;  25%  NDF+CaLCFa.  2.98%;  3l%NDF-CaLCFA.  3.15%;  31% 
NDF+CbLCFA,  3.07%).  Milk  fat  percentage  was  increased  by  CaLCFA  for  higher  levels 
0fNDF(3l%NDF-CaLCFA.3.54%;3l%NDF+CaLCFA.  3.66%). 

The  intemetion  of  forage  type  and  fat  source  were  studied  in  two  trials  (Smith  et 
id.,  1993;  Adams  el  al.,  1995)  to  better  understand  variations  in  response  to  fat  feeding. 

of  roughage  in  the  diet  or  mplaced  with  25  or  50%  of  forage  as  alfalfa  hay.  Fat  aoumes 
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were  control  (no  fat),  2.SK  tallow,  I2H  WCS.or2.3K  Ullow  plus  12%  whole 
cotioQseed.  Milk  (21.0  vi.  22.8  kgid)  and  fat  yields  (666  vs.  809  g/d)  were  depressed 
when  WCS  was  fed  with  corn  silage  alone  compared  to  whole  cottonseed  diets  when 
alfalfa  hay  was  added. 

In  contrast  with  prevrous  studies  (Clappenon  and  Steele,  1983;  Knapp  and 
Gnuntner,  1990)  diets  with  added  tallow  depressed  milk  yield  regardless  of  fomgc 

with  added  alfal& 

used  to  replace  a portion  of  com  silage  in  diets  containing  either  no  added  fat,  I2,SK 
whole  cottonseed,  or  2.6%  tallow  (Adams  et  al..  1 995).  In  this  trinl,  addition  of  alfalfa 
hay  did  not  alleviate  milk  yield  or  fat  depression  in  dins  with  WCS.  Milk  yields  were 
highest  for  diets  containing  cottonseed  hulls  (27.03  kg/d)  regardless  offal  treatment. 
Whole  cottonseed  depressed  milk  yield  (25.36  kg/d)  compared  to  taiiow  and  control  diets, 
which  were  similar  (26.37  and  26.48  kg/d).  A signincnm  interaction  was  noted  between 
fat  source  and  forage  type  for  milk  protein.  On  diets  with  com  silage  as  the  sole  forage, 
whole  cottonseed  depressed  protein  percentage  compared  to  tallow  and  control  diets 
(2.90  vs.  3.07  and  3.06%).  However,  when  bermudagrass  hay  replaced  a portion  of  the 

control  (2.98  vs.  3.19  and  3.18%)  (f^0.D38  for  interaction). 

trial  by  Smith  el  al.  (I993X  alfalfa  hay  comprised  only  1 1. 25%  of  the  diet.  The  minitnum 


nithu  al.  (1993)  WBS  I2.3H  of  DM  i 


ncsalivc  effecls  of  WCS  in  Ihc  study  by  Adams  cl  ol.  (1995).  The  slrong  positive  effecU 
of  colUmseed  hulls  on  milk  production  and  composition  do  not  suppon  the  thcoiy  that 
forage  panicle  size  is  a determining  factor  in  Ihe  interaction  between  fat  and  fiber. 

nppaienlly  occur  between  fat  and  fiber.  In  a study  by  Drackley  eltU.  (1994).  tallow  added 
directly  to  forage  (coded  to  increase  milk  yield  compared  to  diets  where  fnl  wns  added 
first  to  concentmte  or  last  to  TMR  (39.0  vs.  38.6. 37.8  ig/d).  Milk  fat.  on  the  other  hand. 

first  with  oincemrale(l. IS  va.  1.21  kg/d).  Milk  protein  was  not  affected  by  method  of 
al..!993:  Adorns  etal., 1995). 

Protein.  Amount  and  rumen  availability  of  dielary  protem  may  also  influeoce  milk 
production  and  composilion  responses  to  fat.  Andrew  cl  al.  (1991)  fed  two  levels  of 
crude  protein  (16  and  20%)  with  or  without  CaLCFA  to  Isctaling  dairy  cows  to  examine 
the  effecls  on  milk  production.  Milk  yield  increased  al  both  levels  of  prolcin  when 
CaLCFA  were  added  to  Ihe  diet.  Increasing  Ihe  protein  concenliation  of  the  diet  did  not 
alleviate  the  depression  in  protein  peieenlagc  when  CaLCFA  were  fed  (16%  CP-CaLCFA, 
3.23M;  16%  CPtCaLCFA,  2.97%;  20%  CP-CaLCFA,  3.13  %;  20%  CP-tCaLCFA, 
2.96%).  Calcium  soaps  had  no  sigoificanl  effect  on  milk  fatal  either  level  of  CP. 
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Jersey  cows  fed  WCS  vnUi  or  wiihoiu  nimeo  proiccied  melhioniiie  end  lysine  did 
nol  dilTn  in  DMI  or  milk  yield  cows  receiving  n no  supplememal  fill  die!  (Bennmd  et 

also  depressed  by  feeding  WCS  alone.  Milk  pmiein  was  increased  in  cows  receiving  WCS 
plus  rumen  inerl  amino  acids,  suggesting  possible  interference  by  WCS  on  provision  of 

Feeding  a combination  of  rumen  undegmdenble  intake  prmcio  <UIP)  coaled  with 
Cn-LCFA  enhanced  milk  yield,  feed  efliciency  and  increased  milk  fat  conlenl  in  an 
experiment  by  Sklan  and  Tinsky  (1993).  Milk  yield  during  Ibe  feeding  trial  was  intreosed 
by  feeding  the  fal-prolein  product  compared  to  controls  (42.2  vs.  41,2  kg/d),  os  was  total 

feeding  the  product  compared  to  controls  both  during  the  trial  (1.39  vs.  1.31  kg/d)  and  (or 
the  total  lactation  (332.B  vs.  3 IS. I kg).  Daily  milk  protein  yield  was  unaffected  during  the 

(307.4  vs.  29g.gkg). 

molasses  (source  of  readily  fermentable  carbohydrate)  and  bypass  proldn  (bitrod  meal, 
meat  and  bone  meal,  and  com  gluten  meal;  29k  of  DM)  compared  to  animals  receiving 
bypass  protein  alone  (Maiga  and  Schingoeihe.  1997).  However,  milk  protein  percentage 
was  higher  for  cows  receiving  mirlasses  plus  bypass  protein  compared  to  those  receiving 
fat  plus  bypass  protein. 


To  bctict  undersiaod  the  mecKanisni(s|  conuollingfat  effecu  od  milk  producUoo, 
Palmquisl  and  Moser  (1981)  condocledlwo  esperimeois  measunng  the  effecu  of  Talon 


In  the  second  of  these 


cxpenmenis, 


design.  Diets  did  not  influenoc  milk  yield,  bui  concentration  and  quantity  of  miik  fat 


d.  Lipid  concentration  of  plasma  increased. 


decreased  when  fat  was  fed  compared  to  the  no  fat  rliet  (3.86  vs,  3.95%),  but  protein  yield 


questioned  the  theory  that  the  detneased  microbial  synthesis  could  result  in  decrea.sed  milk 


I availability  and  synthedc  processes  at  the  level  of  the 


maimnaiy  gland  might  be  le^nsiblc. 

Inhising  fatty  acids  into  the  abomasum  oflnctating  cows  decreased  milk  yield  and 
both  percentage  and  yield  of  CP  ondN  fractions  in  milk  compared  with  animals  infused 
with  meat  solubles  (Christensen  et  el.,  1994).  However,  cows  iniiised  with  mostly 


1.08,  1.00,  and  0.94),  protein  (1.01  vs.  0.96,  0.92  and  0.88  kg/d)  and  casein  (0.70  vs. 
0.67,0,64  and  0.61)  than  cows  iitfused  with  mosdy  unsaturaled  fatty  acids  from  canola, 
soybean  or  sunflower  oils. 

These  fmdings  suf^rt  the  theory  of  Palmquisl  and  Moser  that  effect  of  fat  on  milk 
composition  may  occur  at  the  level  of  the  raammary  glaod.  Milk  fatty  acid  profile 


I more  milk  (32.8  vs.  30.6. 30Z  and  29.4  kg/d),  fat  f 1.09  vs. 


si!  (Com  el  aJ..  1993). 


|(I98»),  finic 


nfi  artificial  ia 
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conceplioDS,  bill  Ibis  difTcrence  was  not  significam. 

Milk  yield  moy  also  impact  reproductive  fiuiclion  at  least  indirectly  through  its 
cfTccts  OD  body  condition  loss  in  early  postpanum  cows,  according  to  Ihe  study  by  Ruegg 
et  qI.  (1992).  Cows  producing  idiove  Ihe  mean  for  305  d lacution  required  more  services 
per  conception  compared  to  cows  producing  below  the  mean.  Incidence  of  ovarian 
roUicular  cysts  weie  also  increased  tor  higher  producing  cows,  although  overall  iocidence 
of  follicular  cy.sis  were  grealer  in  Ibis  study  than  considered  normal  (39  vs.  10%).  Energy 
status  did  not  appear  to  be  related  lo  diagnosis  of  follicular  cyst  in  ibis  study.  Rather,  on 
interaction  occurred  between  serum  cholesterol  concenualion  and  incidence  of  follicular 


fenilily  is  nearly  zero  (Hansen  el  al..  1983).  Allemilively.  the  metabolic  stress  of 
producing  lame  quanliiies  of  milk  may  compromise  other  body  functions. 

Hrsi  ovtilalicn,  but  Ibis  has  not  been  consislem.  In  their  review,  Butler  and  Smith  (1989) 


ave  already  ovulated. 


signilicaiu  after  d 40  of  lociaiion,  when  most  cows  ha 

The  negative  correlation  between  milk  yield  and  ovarian  activity  Lt  not  always 
observed.  In  a study  hv  Supleset  al.  <1990)  54  early  lactation  cows  were  calegoiized 
according  to  their  DMI.  milk  yield,  energy  stanus,  and  reproductive  function  during  a 9 wk 
study,  Fifieeu  of  Ibese  cows  were  anestrus  during  the  full  term  of  the  study,  and  were 

within  40  d after  parturition  and  14  with  corpora  luiea  between  40  and  00  d posipanum, 
Incontiast  to  Ruegg  et  al.  (1992),  Staples  etai,  (1990)  observed  that  anesmts  cows  ate 

cows  did  lose  more  body  weight  than  cycling  cows,  resulting  in  greater  NES,  Cows 

cycling  after  d40, 

Concrmy  to  Lucy  et  al.  (1 99Ia>,  no  Talationship  between  ES  and  estrus  activity 
was  noted  before  d 40  postpartum.  Carryover  effects  of  NES  were  noted  for  anestrous 
cows  in  that,  aithough  all  groups  had  achieved  ES  by  the  ftfth  week  after  calving,  cows  in 
this  group  did  not  begin  cycling  until  after  9 wk  postpnrtiun.  Also,  conception  talc  among 
cows  in  this  group  was  only  35.3%,  compared  to  greater  than  80%  for  the  other  gioups. 

Days  to  fttst  visual  estrus  and  number  of  ovulations  befoie  fust  observed  estrus 
were  greater  in  higher  producing  cows  <10,814  kg)  than  average  cows  (6.912  kg)  in  a 
study  by  Harrison  et  al.  (1990).  First  observed  esirus  for  ibe  high  group  occurred  at  66  d 


1 .6  for  llie  high  group  compared  lo  0.7  for  the  average  group.  High  producing  cows 
uperienced  mote  NES  in  the  fim  two  weeka  oflaclalion  lhan  (he  average  group,  which 
supports  the  suggestion  ofStaplesetaL  (1990)  that  KES  eariy  postpartum  may  have 
carryover  effects.  Harrison  et  al.  (1990)  concluded  that  although  both  groups  resumed 
cycling  at  about  the  same  tintc  postpartum,  expression  ofestrus  differed  between  groups. 


In  a study  designed  to  elaborate  the  relationrihip  between  ES  and  enriy  postpartum 
reproductive  funcium,  Lucy  et  ol.  (1991b)  fed  cows  diets  differing  in  type  of  forage  with 
or  without  added  CaLCEA.  As  ES  beieased,  die  number  of  small  ovarian  follicles  (6  to  9 
mm)  decreased,  while  larger  follicles  (10  to  15  mm)  increased-  They  concluded  that 
before  d 25  posipamuti,  ES  explained  thedilferences  observed  between  treatments,  while 
the  relationship  did  not  appear  to  hold  atier  d 25. 

Cows  receiving  CeLCFA  al  a rale  of  2.2%  of  the  diet  DM  achieved  PES  eariicr 
than  cows  consirming  diets  wilhoul  CaLCFA  in  an  experiment  by  Garcia-Bojalil  (1993). 
Cows  in  this  study  were  fed  two  levels  ordegrrrdoabla  inlnke  protein  (DIPX55  and  76%) 
with  or  wilhoul  CaLCPA.  Cows  receiving  diets  containing  the  fat  supplement  and  less 


degradeabic  proieb  recovered  body  condiiion  more  rapidly  than  animals  on  uthet  diets. 
By  comrast,  cows  consuming  the  highly  dcgiadcable  protein  diet  without  fat  remained  in 
NEB  longer  than  other  trentnteni  groups,  most  likely  due  to  depressed  DMI  b this  group. 
Uterine  invoiutbn  wus  more  rapid  in  covq  receiving  the  less  degradeable  prolcb 


long-chain  PUFA  ftom  Hsh  meal  as  precursor  of  PGF^. 

Addidonally,  cows  consimiini  diels  wiih  CaLCFA  had  higher  second  service 
cotKCpIion  tales  than  cows  wiiboul  the  supplement  (SSHDIP,  66.7  vs.  37.SK;  76HOIP. 
83.3  vs.  20.0%).  while  RrsI  service  concepdon  rates  also  utie  numerically,  though  not 
signincanUy.  hi^  for  the  fat  supplemented  cows  (SS%DIP.  4S.4  vs.  27.3%;  76%DIP, 
43.6  vs.  40.0%).  Ferguson  elal.  (1990)  also  noted  improved  conception  mica  among 

Sklan  and  Tinsky  (1993)  also  studied  Ihe  efTects  of  feeding  CaLCFA  on  ovarian 
fllncdon  in  early  postpartum  cows.  In  contrast  roGareia-Bcgallil(l993X  they  noted  that 


(d  32  vs.  d 12).  Also,  ovarian  cyclicity  commenced  later  in  cows  receiving  the  CaLCFA 


by  d 20  compared  to  21%  of  cows  receiving  CaLCFA.  However,  once  cycling 

second  and  laier  services  was  greater  among  cows  receiving  fat  compnred  lo  controls 
(42.6  vs.  25.0%),  and  more  cows  in  the  fat-fed  group  were  pregnant  by  150  d (82.4  vs. 
62.5%),  with  fewer  days  open  than  control  cows  (1 15  vs  149  d). 

A follow-up  study  by  this  some  group  (Sklan  ei  nl.,  1 994)  noted  that  concepdon  to 


eivingCaLCFAi 


Diy  mauer  inlake  did  not  difTer  between  groups  in  cither  study,  but  cows  fed  CnZ-CFA 
produced  rnore  milk  thart  controls  in  both  studies,  indicctiug  that  pidcrential  nutrient 
partitioning  to  the  mammary  gland  mny  be  responsible  for  the  prolonged  period  ofNES. 

Prilled  farty  acids  were  fed  to  early  poslporrum  dairy  cows  to  examine  the  effects 
ofirtt  rm  ES.  plasrrta  cdtoIesteroL  Insulindike  growth  factor  I (IGF-I ),  and  ovarian 
follicular  dynamics  in  early  postpartum  cows  (Beam  and  Butler,  1998).  No  differences 
were  noted  for  any  of  these  measurements  between  fat'fed  cows  and  no-fat  controls. 
Begaidlcss  of  Ireatioent,  daily  ES  was  positively  correlated  wilhsenim  IQP-I  and 
negatively  correlsied  with  plusnia  NEFA.  Cows  with  non-ovulauty  first  wave  follicles 
from  d 8 to  14  postpartum  hod  o longer  interval  to  ES  nadir,  lower  IGF-I,  and  higher  milk 
yield  than  cows  which  ovulated  within  the  first  two  weeks  postpartum. 

Fat  SuDolamenlation  and  Renroduciive  Endocnnolouv 


and  HDL  were  separaied  according  to  Iheir  ratio  of  cholesterol  to  protein  (C:P).  Addition 
of  2d  and  200  pg  of  high  C:P  HDL  increased  production  over  low  C:P  HDL.  At  the  20 
pg  level,  levels  increased  Irom  625  ng/pg  DNA  for  low  C:P  ratio  to  900  ngipg  for  high 
C:P.  When  the  amounl  of  HDL  added  lo  cultures  was  increased  to  200  MgJ>.  levels  were 
1200  ng/pg  for  low  C:P  and  1 500  ng/pg  of  DMA  for  high  C:P  ratios. 

In  the  second  of  these  experimenls  (Canoll  ei  ai..  1992)  LDL  and  HDL  from 
blood  of  pregnant,  primiporous  cows  led  either  0 or  79e  saturated  lcng.ehain  fatty  acids 
were  separated  tuid  added  lo  cotpora  lulea  cultures  at  levels  of  1, 10,20,  SO,  100,  or  200 

HDL  concentration  increased  from  6S.S  mg  for  plasma  ofunsupplememed  cows  lo  79.8 
elal.,  1992). 

Oldick  et  al.  (1 997)  compared  abomasal  infosiona  of  glucose  with  fat  as  either 
tallow  or  yellow  grease  for  their  effects  on  blood  constituents  and  follicle  dynamics  in 
cows  in  PBS.  Cows  infused  with  fat  had  higher  plasma  cboteslerol  than  those  irtfosed  with 
glucose,  but  plasma  P,  levels  were  unaffected  by  Ircalmem  in  this  study.  However. 

higherforfatsources than forglucoseinfusion(ll.7vs. 9.3 ng/ml aid  12.S).  Typeo/foi 
didaot  influence  plasma  P«.  Energy  infusions  decreased  csiradiol<l7p  concentrations  of 
plasma  compared  lo  control  (water  infusion).  The  difference  in  estradiol*  1 7p 
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yellow  grease  bad  Iowa  prostaglandin  F raciabolite  (PGFM)  following  oxytocin  challenge 

Yellow  grease  conlains  approximately  l7.S5i  I8;2u6.  Linolejcacid  is  a precursor 
of  20:4ti>6,  which  may  be  convened  lo  2-seiies  prosiaglacdiiu  such  as  PCF,..  However, 
diets  high  in  I8:2u6  inhibit  20:4u6  synthesis  when  fed  lo  premminant  calves  (Jenkins, 
1988).  Intravenous  infusion  of  soybean  oil  emuluon,  containing  approximately  50% 
16:2u6,  increased  plasma  PGFM  concentrations  in  Holstein  heifers  (Lucy  et  al.,1990). 

The  mechanism  for  inhibition  of  prostaglandin  syolhesis  by  high  I8:2tu6 
eoncentnuions  has  not  been  elaborated  fully.  It  bas  been  suggested  that  increased 
concentrarions  of  substrate  for  prostaglandin  endoperoxide  synthase  may  increase  the  rate 

and  n-3  fatty  acids  may  compete  with  20:4iu6  for  binding  with  cyclooxygenase,  one  of  the 
rate  limiting  en^mes  In  prostaglandin  synthesis.  Alternatively,  peroxides  might 

Mean  number  of  follicles  was  not  aUcclcd  by  treatment  in  the  study  by  Oldick 
(1994).  However,  maximum  siiie  of  the  corpus  luteum  (CL)  tended  to  be  2 mm  smaller. 

infusion.  Reduction  in  P,  concentialion  to  <1  ngfral  was  also  delayed  by  fat  infusion. 
These  effects  were  nssociaied  with  yellow  grease  infiision  rather  than  tallow.  Also,  CL 
ellow  grease  infusion 


r infused  with  ye 


1992).  ERecIs  of  gossypol  on  Kill 


been  noted  in  loctaljii|  deity  cows  (Lindsey  et  ol.,  I9S0;  Smalley  and  BicknelL  1982)  and 
sheep  (Morgan  et  a).,  1988). 

Brahnran  bulls  fed  WCS  grew  more  slowly  and  reached  puberty  at  an  older  age 
than  bulls  fed  soybean  meal  or  cottonseed  meal  in  a study  conducted  by  Chase,  et  al., 
(1994).  Daily  free  gossypol  intake  by  bulls  averaged  0.03  g/d  for  soybean  meal  diets,  1.8 
g/d  for  cortonsced  meal  diets,  and  50.8  g/d  for  WCS  diets.  By  d 196  of  the  experiment, 
bulls  fed  diets  coniainlog  gossypol  tended  to  have  lower  BW  than  bulls  receiving  soybean 
meal,  while  bulls  on  the  highest  level  of  gossypol  (WCS  diet)  hod  the  lovrest  BW  (325  vs. 
355  kg).  Bulls  fed  soybean  meal  had  higher  percentage  of  motile  sperm  compared  to 
cottonseed  meal  and  WCS  fed  bulls  (73  vs.  62  and  69K).  However,  percentage  of  morile 
sperm  were  higher  on  the  WCS  diet  compared  lo  the  cottonseed  meal  diet. 

liquid  chromalogiaphy,  and  ore  helieved  to  dilTer  in  their  biological  aclivliy . A study  by 

in  vitro,  conceairattons  of  to  (-)  gossypol  decreased  mote  than  (<*-)  gossypol  when 
incubated  with  plasma  proteins.  Similar  decreases  were  noted  when  rats  were 
intravenously  infused  with  purified  enaniiomers  of  gossypol.  As  o result,  less  (*)gossypol 
crossed  the  blood-tcsiis  bairrer,  and  was  barely  delectable  in  tele  testis  fluid  post  infusion. 
Although  this  data  suggests  that  the  (•)  enantiomer  would  be  cleared  more  rapidly  from 


ntilied  as 


rein  inhib 


ung 


ological  compounds,  due  to  the  naru 


!(VoetandVoei,  1995). 


exofiiincd  in  a study  by  Spicer  and  Stewan(I996).  Basal  production  of  estradiol  by 
granulosacells  {com  small  <1  to  S mm)  and  large  (>8  mm)  follicles  was  not  affeoled  by 
bST  treatmeou  however.  300  ng/ml  bST  inhibited  estradiol  production  induced  by  follicle 
stimulalinj  hormone  (FSH)  plus  insulin  in  cells  from  both  large  and  small  follicles. 
Progesterone  production  was  not  alfected  by  bST  in  these  cultures.  Thecal  call  cultures 
had  n greater  than  thrce*fbld  increase  in  androstendione  production  in  response  to  LHplu.s 


3 to  30ng/mi  bST  compared  to  those  exposed  to  LH  alone. 

Ovarian  follicular  dynamics  and  ciieulatiog  hormones  were  nronitored  in  beef 
heifers  receiving  4 adnily  Injccrions  of  cofrier  or  3.13.6.23. 12.3.  or  23.0  mg/d  doses  of 


bST(Oongetal..  1997).  No  effects  i 


high  pradueing  dairy  csDle-  Tlua  effect  i 


b or  without  500  mg 
rZ.2%ordi«tDM 


efTects  of  bST  trcaunent  on 


bsMegiilac®(Moiillcmelal.,  1997).  Cows  on  oonlrol  diets  plus  bST  ovulated  for  the 
fiisl  lime  poslparfum  aher  50  DIM  ttnd  had  grealet  days  open  compared  to  other 
tmitmenis,  and  pregnancy  rules  wore  leduccd  by  bST.  Cows  receiving  bST  with  or 

lirsi  postpartum  ovulation  was  correlated  with  number  of  days  to  minimum  BW.  Days 
open  were  correlated  with  maximal  BW  loss,  number  of  days  to  regain  BW,  number  DIM 
to  minimal  BCS.  and  fat-conecled  milk  (FCM)  produaion.  Cows  on  the  conlrol 


study  (Chalupa  et  al.,  1996),  cu 


dminislcred  0. 10.3, 20.6.  or  41 .2  mgfd 
ofbST  on  milk  production  and 


the  highest  production  at  the  20.6  mg/d  dose.  Although  all  cows  gained  BW  during  the 
ctpregnaiicy  rare  in  this  study. 


infertilit; 


ofbST.I 


i>rdairiw(hcad/fai 


DfiU  cash  Hew,  and  nsk.  As  the ! 


age  cost,  delined 


as  the  difTerence  between  the  price  ofacult  cow  and  replacement  heifer,  has  increased, 
along  with  decreasing  reproductive  rates  and  increasing  cuU  rales  in  herds  in  Florida  and 
throughout  the  U,S„  tools  to  assist  in  insemination  and  cullbg  decisions  have  been 
developed. 

McCallough  and  DeLorenzo  (1996)  used  a slocha.siic  dynamic  model  lo  evaluate 
the  effects  of  ptice  and  irumagemenl  changes  on  optimal  decisions  for  inseminaiion  or 
replacement  of  cows.  A base  ran  of  the  model  using  Florida  data  showed  that  average 
herd  life  on  Florida  dairies  was  32  months.  For  Florida  based  runs,  the  model 
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CHAPTER  3 

RESPONSE  OF  RUMEN  BACTERIAL  CULTURES  TO  FAT  SOURCE 
AND  METHOD  OF  INCORPORATION  INTO  FEEDSTUFFS 
IN  VITRO 


understood.  Animol  responses  vary  with  type  and  ontounl  of  faL  as  well  ns  other 


Polyunaatumled  fat^  acids  (PUFA)  which  predominate  in  vegetable  oils  and  oil 

(Chalupa,  19S4;  1986)  and  may  be  dimctly  toxic  to  rumen  cellulolytic  bacteria  (Mackie  et 
a].,  1991],  possibly  distuptisg  microbial  membranes  or  interfering  with  binding  of 
cellulolytic  enq'mes  to  substrate  (Jenkins.  1 993a).  Changes  in  fiber  fermentation  appear 
to  depend  on  the  type  of  forage  led.  Small  particles  may  become  more  coated  with  bt  and 
arc  less  available  for  miciobial  enzyme  attachment  (Devendra  and  Lewis,  1974).  Several 
studies  have  irtdicated  that  feeding  alfalfa  hay  with  or  without  other  forages  results  in 


improved  Eber  digestibility,  and  I 


: greater  miik  production  (Smith  and  Harris,  1992; 


Df  calcium  &on 


fiS 

Smith  et  al..  1993:  Adams  cl  al..  199S).  This  may  be  Die  result  of  release  o 
alfalfa,  which  may  bind  with  free  fatty  acids  (FFA)  in  the  rumen  to  produce  insoluble 
soaps,  leducing  the  negative  eRecis  of  FFA  on  bacierin  (Palmquist  and  Jenkins.  19S0). 

forage  portions  of  the  ration  may  affect  nizninal,  and.  hence,  animal  response  to  dietary 
fat.  Drackleyetal.  (I994)investigatederrcctsofmethodofincan>oralionoffoonmilk 
production  and  total  tmcl  digestibility  of  neutral  detergent  fiber  (NDF).  He  noted  no 
differences  due  to  method  of  incorporation  on  total  tract  digestibility  ofNDF. 

Intestinal  absoiplionofrany  acids  U greatest  for  FUFAand  least  for  saturated  fan 

to  produce  saturated  fatly  acids  which  are  less  harmAjI  (Mackie  elal.,  1991)  and  may  be 
used  for  bacterial  membrane  synlbcsis  (Bauchart  el  al.,  1990).  Incomplete  hydrogenation, 
which  may  result  ftom  high  dietary  fat  levels  or  rapid  passage  rates  of  feed  from  the 
rumen,  result  in  production  of  linns-unsaturaled  latiy  acids  (TUFA).  These  TUFA  have 
been  shown  to  reduce  milk  fat  production  (Romo  el  al.,  1 996),  and  may  be  involved  in  the 
development  ofhucian  cardiovascular  disease  (Engi.  1996). 

The  objective  of  this  research  was  to  study  the  ioleraclions  among  fat  source, 

differEoces  between  calcium  soap  preparations  in  resulting  fatly  scid  composition  and 
resistance  to  biohydrugenaiion,  preliminary  to  selecting  a product  for  an  irr  v/vo  smdy.  In 


EaperimenI  2 free  fatt 


{any  add  release  wilh  patlems  onnohydrogenation.  Also,  liquid  portion  of  femieniatir 

The  objectives  ofExperimenU  3 and  4 were  to  determine  iffel  source  and  physical  cot 
of  forage  or  concentrate  feeds  with  fat  would  effect  NDF  retmenlation  and 


D5  and  Slabilitv  in  ytlm 


Production  of  soaps 

In  a preliminary  test.  1 00  g of  poultry  fat  were  added  to  a I L lared  round  bottom 
flask,  followed  by  500  ml  90%  ethanol  (450  ml  absolute  ethanol  plus  50  ml  deioniaed 
water).  Ihis  was  followed  by  50  ml  of  50%  w/v  aqueous  NaOH  (25  g NaOH  crystals 
dissolved  in  50  ml  deionized  water).  The  Oask  was  then  connected  to  a reflux  apparatus 
and  healed  at  1 00*C  for  1 hr.  An  85%  wfv  CaClj  solution  was  prepared  by  adding  1 09  g 
CaC)j*2K]0  to  100  ml  water.  After  refluxing  was  complete,  the  contents  of  the  round 
bottom  flask  were  poured  into  a 2 L Etlenmeyec  flask  and  placed  on  lowheal  wilb 
stirring.  Contents  were  broughl  to  I L by  addition  of  absolute  ethanol.  TheCaCl, 
solution  was  added  slowly  to  the  Erlenmcyer  flask,  and  a while  precipitate  formed.  The 
contents  of  the  flask  were  then  poured  into  500  ml  plastic  centrifuge  bottles  and 
centrifuged  at  dOOOxg  and  5°C  for  20  min.  The  supemalant  was  then  removed  and 
discarded.  The  solid  portion  was  freeze  dried  for  24  hr,  yieldtog  a fiae  while  powder. 

A second  batdiofsoap  was  prepared  according  to  the  method  ofPalmquisl 
(personal  communication).  Four  and  one  half  kilograms  poultry  ftl  were  poured  into  a 40 


simalcly  lOO’C.  Sodium  hydroxide  (700  g)  dissolved 


volume  to  35  L.  C&lcium  chloride  (I  kg  80M)  wes  dissolved  in  wsler  and  added  slowly  lo 
the  heated,  stirred  solulioa  A yellowish  solid  formed  and  floated  to  the  lop.  The 

The  soap  was  then  freeze  dried  for  48  hr. 

Soap  extraction  and  ehromalotmiihv: 

Soaps  were  exuneled  and  methylated  according  lo  the  method  of  Morrison  and 
Smith  (1964).  Fifty  miUigmms  of  each  sample  (ethanol  and  water  processes)  were 
weired  into  15  ml  leak-proof  Teflon-lined  screw  cap  tubes.  Two  ml  benaane,  1 ml  12% 
BF,  m methanol,  and  I ml  methanol  were  added  in  sequence  to  the  tubes.  The  head  space 
was  flushed  with  74,,  the  tubes  capped  lightly,  vortexed  for  30  s and  placed  in  a boiling 
water  bath  for  1 hr.  The  tubes  were  then  cooled  under  runnbg  tap  water  for  5 min.  The 
contents  of  each  tube  was  washed  with  2 ml  deionized  water  and  2 ml  hexane,  vortexed 
and  centrifuged  for  5 min.  The  bottom  aqueous  layer  was  removed  with  s Pasteur  pipette 
and  discarded,  and  the  upper  phase  was  washed  a second  time  with  2 ml  deionized  water, 
vortexed,  cemrifiiged.  The  upper  phase  was  removed  by  pipette  and  loaded  into 
Chiomocal  auio-injection  vials  (National  Science  Co.,  Lawrenceville,  CA-). 

Gas  chromatography  was  performed  on  aShimadzu  GC-14A  gas  chromatograph 
(Shimadzu  Corp.,  Japan)  with  a CPSU88  (Hewlen  Packard.  Palo  Alto.  CA ) column  using 


153’Cfor  55  min.i 


of225°C  Heiiiuncamcrguwul.75kg/cc. 

In  vltm  feimeiHatiOD  study 

oceording  Is  ihe  meihod  of  Mosic  and  Mon  (1974).  Imo  each  of  elghi  50  ml  plastic 

equal  amount  of  I mm  glass  beads  (to  break  clumps). 

Rumen  fluid  svas  collected  Irom  a fistulaied  lactaiing  cow  fed  standard  herd  ration 
at  the  Univeraity  of  Florida  Dairy  Research  Unit  (Hague,  FL).  Fluid  was  strairted  through 
two  layers  of  cheesecloth  into  a prewarmed  thermos  for  transport  to  lab,  and  the  cap 
tightly  sealed.  Fluid  (100  ml)  was  strained  again  through  cheesecloth  into  a 1 L 
Erlenmeycr  nask  containing  400  ml  McDougall  s Artificial  Saliva  (3.71  g No,HPO< 
anhydrous,  9.8  g NaHCXD,.  0.57  g KCl,  0.47  g NaCI,  0.059  g MgSO,  anhydrous/  L 
dciooized  water)  warmed  to  39”C  in  a water  bath  adjusted  to  pH  7.0  with  CO,  gas 
bubbled  into  the  liquid  buffer.  Defined  nutrient  solution  (DNS)  was  added  to  the  solution 

To  this  mixture  I ml  CnCI,  solution  (4  g per  100  mi  water)  was  added,  and  30  ml 
of  the  buffered  rumen  fluid  solution  was  added  to  50  ml  plastic  centrifuge  tubes,  including 
four  empty  tubes  which  served  as  blanks.  The  head  space  of  each  rube  was  flushed  with 
CO,  and  quickly  stoppered  with  one-way  valved  rabbet  stoppers  to  allow  gas  to  escape. 
The  tubes  were  then  incubated  at  39’C  for  48  hr. 


mini  Erie 


r flocks  coiuaining  l.S  gDM,  will 


oul  of  three  desks  per 
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iraumenl/iime  period.  Treatnienls  included  blank,  cantrol  (35H  com  silage,  iS%  alfalfa 
hay,  and  30%  hominy),  com  oil,  or  poultry  fat  added  as  3%  of  DM  to  replace  hominy. 
Feed  samples  were  collected  from  the  University  of  Florida  Dairy  Research  Unit,  dried  at 
23*C  for  4S  hr  and  ground  Oirougb  a I nun  screen  in  a Wiley  Mill.  Blank  samples 
contained  only  buifered  rumen  fluid  and  DNS.  Time  penods  selected  were  0, 12, 24, 4S, 

stored  at  4*C.  These  samples  consUiuted  0 h incubation.  All  samples  were  run  in 
duplicate. 

with  an  Orion  Research  digital  pK/mlllivolt  meter  61 1 (Fischer  Scientific.  Atlanta,  GA). 
Three  flasks  per  treatment  group  were  removed,  acidihed  and  stored  at  4*C. 

Emraciion  and  gas  chromaioeiaiihv 

Contents  of  oJl  flasks  were  poured  Into  230  mi  pUslic  centrifuge  botdes  and  spun 
at  5000  X g for  20  mia.  The  contccts  were  vacuum  filtered  Uuough  Whatman  No.  41 
filterpaper.  Liquid  portion  wasietumed  (othe bottles  and  stored  al4"C.  The  liquid 
phase  was  poured  into  230  ml  separatory  funnels  and  exlracted  with  benzene  according  to 
the  method  of  Bilman  ei  el  (1984). 

tubes,  hozen  ot-20”C  overnight,  and  freeze  dried  for  24  b.  One  half  of  the  solid  residue 
from  each  flask  was  extracted  according  to  the  method  of  Bllgh  and  Oyer  (1939)  to 


filtered  through  Whatman  No.  I filter  paper  on  oNo.  3 Buchner  funnri  with  light  suction. 
Filtrate  was  transferred  to  a SO  ml  screw  cap  rube.  The  remaining  m»due  and  paper  were 
extracted  a second  time  with  5 ml  CHCI).  refiilered  through  the  Buchner  fiinnel,  and  the 
filtrates  combined.  Five  ml  of  a O.SSSi  w/v  fCCI  solution  was  added  to  each  extract,  the 

containing  the  lipid  fraction  was  removed  and  dried  under  N,  in  a S0°C  warm  water  bath. 

Remaining  solid  portions  were  extracted  according  to  the  method  described  by 
Reddy  el  al.  (1993)  to  separate  FFA  from  triglycerides  to  determine  extent  of  lipolysis. 

with  2 ml  0.0S  N K,CO,  solution.  The  bonom  aqueous  phase  was  removed  by  Pasteur 
pipette  and  acidified  with  24  ug  7391  H.SO,  to  pH  2.3  nod  eximeted  with  S ral  hexane. 
Hexane  phase  was  removed,  washed  with  water  and  dried  under  in  a warm  water  bath 
al4S°C.  The  remaining  oily  residues  Irom  the  solid  and  liquid  fractioas  were  melhylated 
accordbg  lo  the  melhod  of  Morrison  and  Smith  (1964).  Nonodecanoie  acid  (CI9tO)  was 

Chromalography  was  performed  as  described  previously. 

Data  were  analyied  according  lo  the  general  linear  models  procedure  ofSAS 
(1987).  Themodel  may  be  expiesscd  as: 

Y-p+T-t-Hr-T*H+e 
where  Y=NDF  or  individual  fatty  acid 


Experimeni  3.  Effccuaf  Fai  Sojitc  and  Method  of  Incafoofiiioiiinio  F«J  Componaiu 


Following  these  iovestigations,  enolher  experifflctit  was  performed  to  determine 
the  effects  of  tat  source  and  method  of  incorpoiatlon  on  biohydrogenation  patlems  and 
NDF  fermentation  in  a 7 a 3 s 4 factorial  anangcmenl.  Six  fat  sources,  whole  cottonseed 
(WeS),  poulBy  fat  (PF),  tallow  (TALL),  calcium  soa[»  of  poultry  fat  (CaPFO,  tish  oil 
(FO).  and  com  oil  (CO).  Each  source  was  mixed  with  either  com  silage  (CS),  alfalfa 
(AH),  or  hominy  (HOM)  first  before  being  combined  with  Ihe  other  ingredients.  Feed 
samples  were  collected  and  prepared  as  described  previously.  Samples  for  NDF  and  fatty 
acid  analyses  were  prepared  and  incubated  separately.  All  samples  were  run  in  duplicate. 

Because  ofhigh  basal  levels  of  1 8<arhoo  fairy  adds  in  the  btanh  samples  from  the 
previous  experiment,  it  was  decided  that  a further  test  was  necessary  usbg  a dooor  animal 
that  had  been  on  a low  fat  diet.  The  second  animal  was  a nondaciating  adult  cow  which 
had  been  fed  on  o diet  consisting  ofbermudagrasshay  and  o soybean  meal-based  pellet 
with  no  additional  fai  Rumen  fluid  was  collected  and  prepared  as  described  previously. 

Neutral  delergenl  fiber  was  analyzed  according  to  the  method  of  Ooering  and  Van 


Soesl(l970)  with  the  fo 
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(ISO  ml)  wu  added  lo  well  beaker  and  beakers  were  placed  on  a rcDux  appaianis  end 
allowed  to  come  to  a boil.  After  boilbg  for  5 rain,  2 ml  of  o-amylaae  (Sigma-Aldrich 
Coip.  Sl  Louis.  MO)  was  added  to  each  beaker,  and  the  beakers  relumed  to  reflux  unit 
and  allowed  to  boil  for  I b.  Beakers  were  removed  from  heal,  and  an  addilioDal  2 ml  e- 
amylase  added,  and  beakos  were  allowed  lo  stand  for  30  sec.  Contents  of  beakers  were 
filtered  Ihmugh  ashed,  preweighed  ceramic  porcelain  crucibles  eonlaining  glass  wool. 
Remaining  residue  was  rinsed  with  boiling  water  followed  by  acetone,  and  dried  in  a 
forced  air  oven  at  I00‘C  ovemighL  Cnieibles  were  weighed  and  ashed  in  a muffte 
furnace  at  SOO'C  for  6 h and  rewet^ied  for  organic  matter  detemtination. 

and  Dyer  extraction  method  (1959)  and  methylated  accordiog  to  the  method  of  Moirison 
and  Smith  (1964)  with  19:0  as  an  internal  standard.  Samples  were  run  on  a Hewlett 
Packard  SS90  gas  chromnlograph  with  an  SP  2340  (Sigtaa-Aldrich,  Inc..  St.  Lui^  MO)  30 
mcolumn.  Injector  and  delcciccponswere  selal  223  and24S’C,  respectively.  IniUal 
oven  temperature  was  set  at  140‘C  and  increased  4’C  pec  minute  to  a mtudimiiD  of 
240°CandheldfoclSmin. 


Data  from  NDF  and  fatty  acid  analyses  were  analyzed  by  the  general  linear  models 
procedure  of  SAS  (1987),  The  model  rnay  be  expressed  as: 


Y^+T+H+ 


Onhogonal  comrasls  were  control  vs.  fat,  hominy  vs.  roughages,  alfalfa  vs.  com 
silage,  animal  vs,  vegetable  fats,  fish  oil  vs.  other  animal  fata,  0 h vs.  other  periods,  0 arid 
12  hrs  vs  24  and  48  h,  and  0, 12and  24  hrsvs.  48  hrs  fbcNDF.  For  (htty  acid  analyses. 

12  vs.  24h.  An  example  ANOVA  and  odhogonaJ  contrasts  for  I8:2ud  am  presented  in 
Table  3-1. 

Experiment  4.  Effects  of  Fat  Source  and  Method  of  Incorporation  into  Feed  Comgonents 
II:  Inocula  Previously  Conditioned  to  Fat 

To  confirm  lesulls  of  NDF  analysis  in  the  previous  experiment,  an  ndditional 
experiment  was  performed  using  a now  nonsumiog  a 15%  WCS  cation  at  the  Daily 
Research  Unit  as  a donor.  Fat  sources  for  this  experiment  were  WCS.  TALL  and  FO,  at 

controls  (no  added  fat)  were  irreubated  for  48  h for  NDF  analysis  as  described  above. 
Rumen  fluid  was  collected  on  two  consecutive  days  and  all  samples  were  carried  out  in 
duplicate  across  two  fluid  collections. 

Siaiislical  analysis 

e general  linear  models  procedure  of  SAS  (1987).  The 
tel  (3  or  6%  of  DM),  source  x level,  method  of 


! analyzed  by  the 
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rumen  fluid  colleciion  wns  ooi  signifieaal. 
Addiiional  three  and  four-way  bleractiona  involving  day  of  MllecUon  were  dropped  from 
the  final  model  aa  Oicy  were  not  agnificant. 


Emerimeni  I 

Fatly  acid  composition  of  soaps  are  presented  in  Tabic  3-Z  Lbolele  acid 
concentnbon  of  water  and  ethanol  process  soaps  was  17.8  and  l8.S3i  of  total  fatty  acids. 
The  CPSil-88  column  is  designed  to  detect  irans  fatty  acids,  which  often  result  from 
partial  biohydrogctation  of  polyunsaturated  fatty  acids  (PUFA)  b the  rumen.  No  Irons 


after  stage  1 beubalion.  Hovrever,  bereases  in  18:3u6  were  detected  in  post-fermentall 


after  stage  T1  beubalion  (acid^psin  stage)  compared  to  original  soap,  bdicaung  the 


biohydrogertarion.  t 
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18:1  in  ethanol  process  samples  rang«d  from  6 to  40Va.  There  were  also  increases 
in  both  treated  soap  samples  aficr  Stage  II.  In  the  ethanol  process  soaps  as  much  as  30K 
increase  in  18:0  was  noted.  Increases  in  18:0  in  thewater  processsamples  were  less.  The 
average  concentration  of  1 8:2u6  remaining  in  the  ethanol  process  soaps  aAcr  Stage  II  was 
13.52W,  but  this  varied  between  runs;  the  range  was  fmm  10.98  to  15.93%.  Less 
variation  was  noted  in  the  water  process  samples,  ranging  from  16.70  to  17.16%. 

Differences  between  the  two  processes  may  be  due  to  the  different  physical 
qualities  of  the  two  products.  Ethanol  soaps  were  dry  and  powdery,  and  clumps  were 
easily  broken.  Palraquist  {personal  communication)  noted  in  his  experiments  that  finely 
powdeied  soaps  were  up  to  90%  biohydrogenaied,  while  coarser  granules  were  only  40  to 
50%  biohydrogenaied.  Water  process  samples  were  sdeky  and  tended  to  form  larger 
clumps  more  resistant  to  crumbling.  The  ethanol  samples  may  have  provided  more  surface 
area  for  bacterial  attachment,  resulting  in  greater  hydrolysis  of  triglyeeride  bonds  and  thus 
greater  hydrogenation.  It  should  be  noted  that  no  attempt  was  made  in  these  experiments 
to  standardize  particle  size. 

ExDeriment2 

Least  squares  means  for  rccoveiy  of  fatty  acids  from  total  solids  extraction,  FFA 
extraction,  and  extraction  of  rumen  fluid  are  expressed  in  Tables  3-3  through  3-5, 

18:0,  and  l8:lo>9.  Palmitic  acid  was  higher  inPF  samples  compared  to  CO  (3.58  vs.  2.83 
mg;  7^0.0296)  and  lowestinblnnks  (1,15  rag;  7>=D.K>24).  Stearic  acid  and  l8:lio9wete 
also  highest  in  fat  treatments,  but  did  not  differ  between  PF  ond  CO.  Content  of  rrons  18:1 


was  also  highest  in  bltreaonenu.  and  CO  samples  tended  to  conuia  more  mas  18:1  than 
PF  (2.65  vs.  2.02  mg;  P-0.09)  (Table  3-3). 

DifTereaces  in  FFA  wne  noted  only  for  blanks  vs.  other  treatments  (Table  3-4). 
Fine  18:0  was  highest  in  blank  samples  compared  to  other  treatments  (1.58  vs.  0.66,  OJO, 
and0.61  forcontrol,  PF  and  CO,  respectively;  P-O.OODl).  Ingeneral,  fatty  adds  in 

ofiotal  fatty  acidsofinvimsamples  (Table  3-5).  Mean  quantitiesof  18:0. 18:lu9,  and 
I8:2u6  in  rumen  fluid  were  0.26, 0.3Z  and0.i3,  mspectively.  Palmitie  aeid  was  lowest  io 
blanks  compared  to  other  tiaatments  (0.69  vs.  1 .8 1,  1.93,  1 .93  for  conlrol.  PF  and  CO, 
respectively;  P-O.flOOl). 

Although  total  fat  in  blanks  was  considerably  lower  than  for  control  and  fat  added 
groups,  amounts  of  free  1 8-carbon  fatty  acids  in  blanks  and  controls  were  at  points  as  high 
as  those  of  Ihe  fat-treated  samples  (Table  3-4).  This  varied  with  time  and  fatty  acid.  At 
12  h,  amount  of  18:0  andmms  18:1  in  blanks  tvere  highest  (Table  3-6),  with  the  peak  in 
18:0  equivalent  to  both  com  oil  (Table  3-9)  and  pcultiy  At  means  (Table  3-8).  and  higher 
than  that  of  Ihe  control  samples.  Content  of  18:  lu9  and  l8:2o>6  peaked  in  blanks  at  24  h, 

equivalent  to  that  of  poulliy  fat. 

Feasible  explanations  for  this  phenomenon  are  not  apparent,  but  it  is  possible  that 
previous  exposure  to  dieiaiy  fat  m the  donor  animal  from  which  fluid  was  obtained 
resulted  in  higher  fat  eomenl  in  microbial  cells.  Bauchen  el  al.,  (1990)  noted  as  much  as 
15054  increase  in  microbial  lipid  conleol  when  cells  were  incubated  with  fct  The  donor 


approximalely  9H  WCS.  This  high  level  of  fel  in  the  diet  may  have  readied  in  anificially 
passed  through  the  filtering  maienal. 

Pattern  of  change  in  18-carhon  fat^  acids  is  depicted  in  Figure  3-1.  Liooleic  acid 
tended  to  decline  throughout  the  nral  24  h (F=D.D778),  while  1 8:l<i>9  increased  to  a peak 
at  12  h incubation  befote  also  declining  sharply  (F=0.0249).  Stearic  acid  and  rrniu  18:1 
began  increasing  at  12  h,  with  irons  18:1  reaching  peak  at  24  h before  beginning  to 

Since  mosl  of  the  18-carbon  fatty  acids  could  be  accounted  fot  mathemaUcally  in  one 
isofonu  or  another,  the  pattern  suggests  a time  course  for  biohydrogenation. 

The  partem  of  biobydrogesation  was  similar  to  that  seen  in  catalytic  hydrogenation 
of  PUFA  with  Ni  (O'Keefe,  personal  comimmicaiions).  The  n-6  double  bond  of  linoleic 
acid  is  fust  hydrogenated  to  yield  l8:1oi9.  The  n-9  bond  is  then  isomerized  to  a imns 
configuration  before  rmal  hydrogenation  of  the  bond  to  form  18:0.  This  panem  was 
clearest  in  the  samples  coataioiog  com  oil.  However,  a similar  pattern  was  also  evident  in 
PF  samples,  although  at  a lower  magnitude  due  to  the  lower  concentration  of  I8:2ufi  in 
PF  compared  to  CO. 

Hydrolysis  of  triglycerides  to  FFA  varied  with  time  and  fatty  acid  (Tables  3-6 
through  3-9).  Release  of  free  18-catbon  fatly  acids  was  highest  among  blanks  at  12  h. 


i it  declined  to  i 
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poultry  fat  samplea. 

Tho  quanlilies  ot  Irani  1 8;1  found  free  over  time  were  more  highly  variable  among 
trcalmeius.  At  12  h,  free /ronj  18:1  was  highest  araong  eontrols,  while  at  48  h,  free  rronr 
18:1  was  highest  in  com  oil  samples.  Free  irons  18:1  was  lowest  In  poultry  fat  compared 

In  conliash  free  I8:lu9  was  hipest  in  poultry  fat  samples  at  12  h (Table  3-8), 
allhough  Ihey  had  decreased  to  below  0 h levels  by  24  h.  Control  samples  (Table  3-7) 
peaked  lower  and  later  Ihnn  pouluy  fat,  but  showed  the  same  steep  decline  by  48  h. 
Surprisingly,  levels  of  18:lu9  b com  oil  (Table  3-9)  were  lower  than  blanks  for  all  time 
periods,  and  amplitude  of  the  peaks  ware  considerably  smaller  than  for  control  and  poultry 
fiit.  Free  18:2u6  tended  to  decline  with  time  for  com  oil,  while  eonlrol  and  pouluy  fat 
samples  showed  increased  I8:2u«al  12  h,  followed  by  decreases  in  that  fal^  acid. 

aoid/pepsb  incubation.  Reddy  el  al.  (1993)  also  noted  (luctualions  in  the  amounts  office 
fatO'  acids  of  in  vlirs  lumea  fluid  samples.  It  has  been  suggested  by  Palmquisl  and  Kinsey 
(1994)  that  fatty  acids  may  be  reesierified  in  Ibe  rumen.  Bauchatt  et  al.  (1990)  indicated 

inside  the  cells.  It  is  likely  that  reeslerificalion  of  fatty  acids  lakes  place  inside  the 
bacterial  cell  In  ordet  to  store  ht,  and  that  Csity  adds  are  released  by  acid  hydrolysis. 


R«ulisori}ic 


tion<NDF  c 


: depicted  in  Table  3-10. 1 


NDF  percentsee  of  mixed  feed  samples  was  3S.06  %.  Suiprisingly.  mean  NDF  Ksidue 
was  higher  in  control  (no  fal)  samples  compared  to  fat-treated  samples  (fMl.0157),  blit  no 
dlflereoces  were  noted  among  fat  treaimenls,  nor  was  method  of  incorpomtiDn  into  feed 

(F-O.OOOl),  I5rlio6(f>=0-000n,  17:lu8 (fM).0025),20:5o)3 (P-0.0006) and 22;6u3 
(P-O.OOIS),  bin  not  for  18-carbon  foRy  acids. 

Output  of  statistical  analysis  of  fatty  acid  data  ore  presented  in  the  Appendix- 
Fatty  acid  composidon  of  fat  sources  and  mixed  feed  ingtedients  are  in  Table  3-11.  Pattern 
ofbiohydrogeiiaiionof  18-oarbonfauy  acids  was  similar  regardless  of  fat  ^pe  and  method 
of  incorporadon.  Patterns  of  change  in  18-carbon  fatty  acids  were  pooled  and  are 
depicted  in  Figure  3-2.  On  average,  18:0  increased  thioughout  the  24  h incubation  from 
3.60  to  13.8934  (P-0.001).  Oldc  acid  increased  during  the  first  I2h  from  18.34  to 
2S.96K(P-0.0ai)be<bcelevdingofrat26.96%by24h.  Trans  18:1  increased  from  I2h 
to  24b  (0. 16  to  0.32%:  p-0.0071)  wUIe  tram  18:2  decreased  during  this  time  period 
(0.19  to  0.03%;  P-0.0001).  Linoleic  acid  tended  to  decrease  during  the  first  12b  period 
(28.50  to  27.52%;  P-0.0645)  and  then  decreased  more  sharply  ftom  12  to  24  h (23-42%; 
P-0.0320).  Linolenic  acid  (I8:3w3)decreased  throughout  the  24  h incubation  from  2.21 
Id  I.U%(P-0.000I).  High  levels  of  18:lu9  were  maintained  even  while  18:0  increased 
since  I8:2u6and  I8:3u3  wem  converted  to  I8:lu9  more  rapidly  than  I8:lu9  was 


; into  the  total  feed 


mixture  resulted  in  lower  levels  of  1 8:0  compared  to  mixing  with  roughages  <7.38  vs.  !.9I 
Vi)  while  vegetable  sources,  ptincipaliy  com  oil.  yielded  higher  18:0  levels  when  mixed 
first  with  hominy  (8.96  vs.  7 J3  %;  p=0.0356).  Response  in  18:0  production  varied 
amongst  animal  fat  sources  vdien  miied  with  either  CS  or  AH.  Menhaden  fish  oil  mixed 
first  with  AH  tesulicd  in  greater  1 8:0  production  compared  to  CS  (6.07  vs.  9.77%),  while 
TALL  and  CaPF  yieUcd  more  18-.0  when  mixed  first  wiihCS  (12.63  and  9.1 1 vs.  9.18 
and8.S9%,respeeIively;P»0.0073).  Poultry  fal peribimed nmilarly  lo FO.  Comoil 
mixed  fttsi  with  HOM  resulted  in  higher  18:0  production  compared  to  mixing  first  with 
roughage  (9.92  vs.  6.23),  while  WCS  mixed  Ftrsi  with  HOM  yielded  less  18:0  (8.00  vs. 
8.84%;  />-0.049). 

for  other  fatty  acids.  Inletacliona  of  ireauncm  with  time  were  significant  only  fbr  1 3:0 
(/H), 0005)  and  15;lu6  (/MI.0031X  which  decreased  overtime  in  fat  treatments 

decrease  in  microbial  gmwih  or  the  substitution  of  de  novo  synthesized  microbial  lipids 
with  fatty  acids  provided  by  supplementation. 


ftt  source,  level  offal,  or  method  orincorpoialion  InNDF  disappeanince  from  samples 


mmtti.  While  nimeo  pH  nuccuales,  psrticularly  after  a grain  meal  is  eonsumed,  Ihc 
butfered  in  viiro  solaiion  is  more  stable. 

Regardless  of  source  of  tooculum.  NDF  disappearance  was  unnfrccted  by  hi 
ireatmenl  or  melhod  of  incorporalion.  The  high  level  of  AH  in  these  eitperimems  may 
have  limited  detrimental  effeots  of  fat  on  fiber  fcrmenlatioiL  Smith  el  al„  (l»3),  noted 
increased  total  tract  NOF  digestibility  offal  treated  dieus  with  AH  at  12J»4ofDM. 

Alfalfa  hay  comprised  between  30  and  35W  of  DM  in  samples  containing  ht  in  these 
esperiments,  back  of  an  effect  of  method  of  incorporation  on  NDF  digestibility  in  viiro  is 
supponed  by  findings  in  vivo  by  Drackley  et  al„  (1994),  who  found  no  differences  in  total 
tract  digestibility  of  NDF  due  to  melhod  of  fat  incorporation  into  the  ration. 

The  recovery  of  substantial  amounts  of  long  chain  fatty  acids  in  rumen  fiuid  is  in 
eontrastto  the  findings  ofSukhija  and  Pnlmqvtist  (1990).  These  researchers  stated  that 
long  chain  fiitty  acids,  due  to  hydrophobic  interactions,  would  not  be  found  m significant 
amounts  in  rumen  fiiiid.  Filtration  melhod  or  filler  paper  may  have  pennined  passage  of 
bacteria  and  very  small  particles  into  the  fluid  fillraic  in  the  eutteni  experiment. 

Fal^  a«d  hydrogenation  patterns  dilleted  depending  on  fat  source  and  melhod  of 
incorporation  for  odd-ebain  and  20-earbon  fatty  acids.  However,  the  biological 
significance  of  this  finding  is  unknown. 
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Tflble  3‘6.  Experiment  2;  free  fat^  acid£  recovered  from  solid  portion  of  blanks  (in 
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Table  3-7.  Experiment  2:  free  fatty  acids  recovered  from  solid  portion  of  control  (in 
miUutmmsT 


FA 0 12 

14:0  0.024  0.041 

14:1q5  0.049  0-093 

15:0  0.022  0-000 

16:0  0.559  0.537 

I6:lu7  0.032  0.053 

17:0  0-013  0.000 

18:0  1.051  0.666 

lransl8:l  0.379  0.626 

18:Iu9  0.440  0.729 

I8Aj6 0.162  0.312 


TimeOirs) 

24 48 

0.053  0.035 

0.130  0.057 

0.000  0.000 

0.441  0.161 

0.058  0.013 

0.000  0.000 

0.728  0.206 

0.560  0.095 

0.771  0.271 

0.172  0.012 


0.016  ns 
0.054  ns 
0.014  ns 
1.417  ns 
0.012  0.0461 

0.000  ns 
0.765  ns 
0.313  ns 
0J53  0.0249 

0.070  0.0778 


e»d  from  solid  portion  of  PF  tresttd 


of  Co  Creared 
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Table  3'9.  Experunenl  2:  five  fatly  acids  lecoveted  fiom  solid  portion  o 
samples  (In  miUigrams). 


Table  3-10.  Expeiimeol  3:  cfTecls  of  type  offal  and  method  of  incorporation  on 
percentage  NDF  remaining  after  incubation  in  vitro. 


Treatment  TimeQiia) 


0 12 24 ^ 


Control  35.24 

Com  Oil  homby  3S.39 

alfaUahay  35.98 

com  silage  37.00 

Tallow  hominy  34.87 

al^lfahay  34.10 

com  silage  35.11 

PottlDy  Fat  hominy  35.43 

alfaltihay  36.95 

com  silage  36.07 

Cn-PF  hominy  34.23 

alfalfahay  34.06 

com  siUge  33.22 


3255  26.12  21.53 

33J0  15.67  18.36 

32.93  2751  17.80 

32J0  25.93  18.12 

31.95  25.94  18.66 

30.67  26.01  17.00 

31.91  24.99  17.94 

30.75  25.60  18.63 

31.68  25.43  16.88 

30.94  26.25  17.54 

29.50  25.14  17.90 

31.63  24.26  19.49 

29.88 25.67 19.54 


Table  3-10-eomd. 


Fish  Oil 


WCS 


0_ 

hominy  34.04 

ollalia  hay  34.46 

com  silage  33.S3 

hominy  35J0 

alfalfahay  36.16 

com  silage 34.64 


Time  (hrs) 

12 Z4_ 

34.01  25.60 

30.60  26.11 

32.05  26.31 

29.98  27.04 

31.47  23.88 

30.00 24.24 


8.25 

6.63 

8.65 

7.17 


6.10 


Table  3-12.  Least  squares  i 


ofMDF  residues  byi 
WDM 


WCS 

Hominy 

Forege 


17.90  19.06 

17.91  17.13 

19.20  18.35 

17.31  20.83 

20.45  18.91 

17.60 18.31 


17.71  18.90 

17.90  16.81 

19.12  18.24 

17.06  20.47 

19.94  18.05 

16.93  17.19 


Figure  3-1 . Experiment  2;  change  in 
mixed  rumen  ^cieria  in  vitro. 
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CHAPTER.  4 

EFFECTS  OF  WHOLE  COTTONSEED  AND  A THERAPEUTIC 
REGIMEN  OF  BOVINE  SOMATOTROPIN  ON  HEALTH. 
MILK  PRODUCTION,  AND  REPRODUCTION  OF 
EARLY  LACTATION  DAIRY  CATTLE 


High  millc  produclion  and  low  DMI  following  parlurilion  pose  a challenge  for  both 
Ihe  dairy  cow  and  Ihe  producer.  Increasing  energy  density  of  the  diet  by  adding 

when  Du  is  fed  10  cows,  but  effects  on  miik  composition  and  ES  of  animals  has  been 

vatiabie.  Dietary  fat  may  enhance  reproductive  fiinelion  through  increasing  cholesteroi 

synthesis  (Caroll  el  ai.,  1992),  and  fats  high  inPUFA  may  biock  synthesis  of 
prostaglandins,  preventing  early  embryo  loss  (Danel-Denoyer  el  al.,  1993). 

Oilseeds  such  as  WCS  are  used  throughout  the  U.S.,  panicuiarly  in  the  southeast 
where  they  are  abundant  end  incapeiisive.  Hovrever,  oilseeds  are  high  in  PUFA.  which 
can  depress  Ebcr  digestibility  under  cenain  dietary  condiUons  (Smith  and  Harris,  1992). 
Incomplete  hydrogenation  of  PUFA  in  the  rumen  can  lead  to  increased  rrans  fatty  acids 

(RcmoetaL.  1996tTeU!retal 


il.,l99S). 


whole  cotroiuieed  contaijie  a toxm  known  as  gossypo).  Gossypol  is  a polypheuolic 
pigment  produced  by  the  cotton  plant  and  serves  as  a defense  against  insect  pests.  It  has 
long  heen  known  that  gossypol  is  toxic  to  nonnnninanls  and  preniminant  calves  (CoUn- 
Negrete  etal.,  1996%  but  was  thought  to  be  detoxified  in  the  functional  rumen  by  binding 

can  cause  hematnlogical  changes  in  ruminants  which  may  aHect  health  and  performance 
(Gray  etal.,  1993).  More  recently,  gossypol  has  been  ^own  to  cause  abnoimalllies  in 
sperm  from  bulls  fed  high  levels  of  cottonseed  products  (Chase  et  aJ.,  1994).  Possible 
effects  of  gossypol  on  lepmductive  function  of  female  niminanis  has  ool  been  shown. 
Recent  FDA  appiovol  of  exogenous  bST  has  led  to  its  widespread  adoption  by 

MBS  due  to  the  lag  between  increased  milk  yield  and  Increasing  DM]  (Bauman,  1992), 
and  may,  therefore,  increase  the  interval  between  parturition  and  return  to  normal  cycling. 
However,  doses  below  that  recommended  for  increased  milk  production  may  enhance 
reproductive  function  (Stanislewski  et  al.,  1992). 

The  purpose  of  this  research  was  to  study  the  effects  ofWCS  and  a reduced  dose 
ofbSTon  milk  production  and  reproduction  in  early  postpartum  dairy  eatlJe. 
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a..lnn.l»  and  Trraunenls 

randomly  at  calving  to  one  of  foot  trcaimeni  reBimciu  io  a 2 x 2 factorial  afrangement  of 

Iniake2xdaily  at  0900  and  1300  b.  Cows  were  millied  3 x daily  at  0500, 1300,and2100 
h.  Treatments  Included  basal  diet  with  no  supplemental  fat  (no  WCSt  TO),  basal  diet  plus 
ISmg/d  bovine  somatotropin  (bST;  T2).  basal  diet  with  1554  of  concentrate  diy  matter 
replaced  with  whole  cottonseed  (WCS;  Tl),  and  1 5 94  WCS  plus  ISttigftST  (T3). 

pos^anum.  Feed  samples  were  collected  weeVJy  and  analyaed  for  crude  protein,  NEL, 
NDF,  ADF,  ether  extract  mineral  comporition,  gossypol,  and  fatty  acid  composition.  Diet 

are  io  Table  4-2. 

Bovine  somatotropin  (Fosilac,  Protiva  Co.,  St.  Louis,  MO)  was  injected 
subcutaneously  into  the  toil  head  area  twice  monthly  (208  mg/14d).  Blood  was  collected 
from  the  coccygeal  vein  or  arteiy  into  vacuum  tubes  containing  EDTA  as  an  anticoagulant 
and  preservative  (Becton  Dickinson,  East  Rutherford,  NJ)  three  times  weekly  from  7 (*3) 
to  83  d postpartum.  Cows  were  weighed  bi-monthly  through  83  d postpartum  and  body 
condition  scored  (BCS)  monthly  beginniag  at  dO  (calving),  30. 60.  and  90  postpartum 


1 In  Figure  4-1.  All 


ID3 

cows  were  injected  al  30  d poslpaitum  with  PGF;„(23  mg  IM,  LuUlyse.  Phnrmacia- 
Upjohn  Co.,  MI)  to  regress  any  existing  CL  and  stimulate  ovarian  activity,  and  were 
subjected  to  limed  artificial  insemination  CFAl)  beginning  at  approximately  6S  d 
postpartum.  Cows  were  nssgned  to  insemination  groups  by  week  of  calving.  Timed 
Bidncial  inseminalion  program  began  with  inlramuscuiar  OM)  injection  of  100  pg 
gonadotropin  releasing  hormone  (GnRH;  Cystorelin.  Sanofi  Inc.,  KS)  at  0600  h,  followed 
seven  days  later  by  PGF^,  and  an  additional  injection  of  GnRH  at  1600  h two  days  after 
PGFi..  Cows  were  inseaiinaiedUhfollowlngsecond  GnRH  injeelion.  Pregnancy  vras 
diagnosed  36  d post  inseminotioa  by  ultrasound  (Aioka  Echo-Camera  SSD-300.  Aloka 
Co..  Ltd.,  Japan).  Pregnancy  was  confirmed  at  4S  d post  insemination  by  rectal  palpation. 
Cows  diagnosed  open  alter  firat  service  were  immedinloly  resynchronized  and 

observed  estrous. 

Milk  weights  were  taken  daily  and  averaged  over  10  d.  Milk  samples  were  taken 

nilrogea  (MUN)  and  SCC.  Additional  samples  were  analyzed  for  fatty  atdd  composition 
by  gas  etaromaiography. 


Following  collection,  blood  was  stored  in  ice  for  transport,  and  cenlriiuged  at 
3000  rpm  for  30  min  to  separate  plasma.  Aliquots  of  plasma  were 


I placed  in  plastic 
irogesierone  (PJ,  high 


density  lipoprotein  (HDL),  tolol  triacylglycerel  (TAG),  TAG  forty  acid  composilioii. 
glucose  and  plasma  urea  nitrogen  (PUN).  Blood  was  collected  3 it  weekly  for  P<  onolyas 
beginning  d 4 (±  3).  and  weekly  for  HDL,  PUN.  glucose,  and  TAG  beginning  d 7 
postpartum. 

Miik  samples  were  shipped  lo  Southeast  Daiiy  Laboraloty,  Ine.  (McDonough, 

OA)  and  analyeed  by  near  infrared  spectroscopy  for  fol  and  protein  percentage  and  MUN. 
Miik  samples  destined  for  fatty  acid  analysis  were  frozen  el  -20’C.  Milk  was  warmed  lo 
mix  fet,  and  1 otJ  pipetted  into  14  mi  plastic  lubes.  Milk  fol  was  extracted  by  the  method 
ofChilliatd.elal.  (1991).  To  Ihe  milk  400«l  95%  eihanol  v/v,  lOOnl  1 1 N HCL  and  5 ml 

organic  phase  was  removed  and  evaporated  at  45’C  under  N.  Lipid  was  methylated 
according  lo  the  method  of  Maxwell  and  Maimer  (1983).  Approximately  20  mg  lipid  was 
added  lo  15  ml  Pyr«t  leak-proof  Teflon-lined  screw  cap  tubes  and  dissolved  in  2 ml 
isoociane.  To  this  wasadded  lOOyl  2N  KOH  in  methanol.  The  tubes  were  vonexed  and 
centrifuged.  The  lower  methanol  layer  was  removed  and  discarded.  The  samples  vrere 
washed  twice  with  0 J ml  aqueous  saturated  tunmonrum  acelBle,  votexed  and  centrifuged 
again,  and  the  lower  aqueous  layer  removed  and  discarded.  Sodium  sulfate  was  added, 
the  tubes  refrigerated  for  30  min  and  centrifuged.  The  top  layer  was  then  transferred  to 
vials  for  OC  analysis.  Gas  chromatography  was  performed  on  a Hcwlen  Packard  5890 
GC  using  an  SP2340  (Supclco)  30m  x 025  mm  i.d.  capillary  column.  Injcclor 
temperature  was  set  ai  17S'Cand  deteclor  at  225"C.  IniUal  oven  temperature  wasSO’C 
and  increase  4 degrees/min  to  240*C  and  be 


eld  for  20  min. 


extracied 


according  K>them«hod  of  Foldi«Dl.(lM7).  "nic  chloroform  layer  of  each  exlrscied 
sample  was  loaded  on  Sep-Pak  sUca  gel  cartridges  which  had  been  eondicioned  by 
washing  with  10  ml  90K  methanol,  lOmi  methanol,  and  15  ml  chloroform.  Cartridges 
were  washed  with  20  ml  chloroform  under  slight  vacuum  to  eliite  TAG  by  the  method 

outlined  by  ELb  etaJ.  (1991).  Chloroform  wasevaporatedinadS'Cwalcr  bath  under 

Nj,  and  TAG  methylated  according  lo  the  method  of  Maxwell  and  Marmer  (1983).  Gas 
chromatography  was  performed  as  describe  above  for  milk  (any  acida. 

Blood  plasma  was  analyatd  for  HDL  by  Sigma  Procedure  No.  352  (Sigma- 
Aldrich,  Inc.,  St.  Lids,  MO)with  the  following  modifications.  Plasma  was  thawed  and 
250»d  pipetted  into  13x100  mm  borosiiicate  lubes.  Ail  samples  were  prepared  and 
arulyaed  In  duplicate.  To  this  was  added  50  mI  Sigma  Reagent  352-4  (phosphotungsltc 
acid,  30.3  nunol/L;  MgCI  lOOmm/L).  Tabes  were  voncxedand  centrifuged  a!  3000  ipm 
for  5 min.  Cuvettes  were  prepared  for  speclropholomcuy  with  1 ml  Cholesterol  Reagent 
en^me  (Sigma  Catalog  No.  352-50)  and  allowed  to  come  lo  mom  temperature.  After 
plasma  had  cenlrifuged,  50  «1  supernatant  was  added  to  cuvettes.  Cuvettes  were  inverted 
to  mix  plasma  and  enzyme,  incubated  st37*Cfor5  min,  and  absorbance  read  at  500  run  by 
Perlcin-Elmet  speciropholometer.  Plasma  HDL  was  calculated  first  based  on  absorbance 
of  Sigma  Cholesterol  Calibrator  (50  mg^dl)by  the  following  formula; 

A-_-A„-,yA,y^^-A,,^^"5Q"13 


test^iOwl  sample  in  eiuQ'me 
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blank-50  ul  waler  in  enzyme 
and  ihe  coe^icients  repmseni  eoneeniratio 


lofcholesuiol  in 


Due  to  variability  between  tuns  in  Ihe  absorbance  of  the  calibrelor,  a standard 
curve  was  prepared  using  Sigma  Lin-trol  bovine  choleslerol  standard  (200  mgfdl).  The 
curve  was  prepared  by  adding  cholesterol  standard  to  an  ariueous  diluent  rrontaining  0.156 
sodium  azide  in  the  followii^  ralios;  0;1, 0.05:0.95,0.10:0.90, 0.2O1O.80, 0.30:0.70, 
0.40:0.60, 0.50:0.50, 0.60:0.40,0.70:0.30. 0.80:020,  and  1:0,  The  standards  were  then 
prepared  and  analyzed  as  described  above  for  samples.  Regression  coefficients  were 
calculated  using  (Juattro  Pro  7.0  with  an  t^-0.995  for  the  standard  curve.  The  formula  for 
calculating  HDL  based  on  the  standard  curve  was  y-b-aix,  where  y-quantity  HDL  in 
rog/dl.  b-absorbanee  at  SOOnm,  a-iegression  constant,  and  x-x  coefficient  of  the 


Total  plasma  TAG  were  analyzed  according  to  Ihe  nielbod  of  Foster  and  Dunn 
(1973).  Standards  were  prepared  using  a slock  solubon  of  500  mg  triolein  (Sigtnn- 
Aldrich  Corp.,  St.  Luis,  MO)  dissolved  in  50  ml  isoptopanol  for  a final  concentration  of 
1000  mg/ml  TAG.  Standard  curve  was  prepared  with  isoptopanol  in  l3X100borosilicete 

tubes  using  the  following  ralios:  0:4, 0.01 :3. 99, 0.025 J.975. 0.05:3.95. 0.075:3.925. 

0.1:3.9.  Waier(100M)"asaddedtaalliubes.  Tubes  were  voncied  and  200mI  removed 
and  added  to  clean  rubes. 
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(1965). 

!q  addition,  plasma  samples  wore  taken  on  d 73, 96  and  120  postpartum  for 
analysts  of  hematoent,  bemoglobin,  erythrocyte  osmotic  fraglll^  (EOF),  vitamin  £, 


ctinol  pho^ihaie,  p-c 


gossypol  isoram.  A sobgroupofcov«(D-60)  was  sampled  cveiy  l4dfromd-7 
Ihrough  d 120  posiportum  to  study  changes  in  hematological  profiles  over  time.  Samples 
were  taken  in  Na-heparin  lubes  every  14  d for  gossypo!  analysis  (Bacton  Dickinson,  East 
Rutberibcd,  NJ).  Total  plasma  gossypol  and  gossypol  isomers  were  analyzed  by  HPLC 
according  to  the  method  outlined  by  Kim  and  Calhoun  (1W5).  Body  condition  was 
scored  at  d 0, 30, 60,  and  90  postpartum.  Plasma  for  P,  analysis  was  assayed  by 
radioimmunoassay  (Knickerbocker  el  al..l986).  Inlra-  and  iolerassay  coefficients  of 
variation  were  6.6  and  6.7K,  respectively. 


and  see  were  analyzad  according  to  the  Harvey  Least  Squares  and  Maximum  Likelihood 
program  (1977).  The  model  was; 

Y-li*T*C(T>P*DIM*T*DIM-re 

where  Y-railk  yield  (kg),  fat  (%),  protein  (H).  MUN  (mg/dl).  or  SCC  (cells'ml) 


P * primiparous  or  multiparous 

DIM  = dnys  in  milk  analyzed  as  a continuous  independent  variable 


C(T)-r 


The  etroc  term  for  ireaonenl  efTeets  was  C[T).  The  tenn  DIM  wes  enalyecd  using  T'DIM 
The  bietsclion  of  DEntmcnl'parily  was  nol  significant,  and  was  dropped  Irnm  the  final 


HDL.  The  full  suuisiical  model  may  be  espiessed  as: 
Y=H+T+L+T*L+C(T*L)+B+T*B+T’B*L+CCT*L)*B*W+T*W+L*W 
♦T*L*WeC(T'L)*W*B*WtT*B*WtL*B*W*T’B*l.‘WtC(T"L)‘B*W+e 


CCT-L)-cow  within  TL 

procedure  ofSAS,  fixed  efl«ts  were  analyzed  by  SAS  proc  gim  (l9S7),and  the  mixed 
error  terms  CCT’U'B.  C(T*L)"Wand  Ca'U’B’W  were  |enerated  by  the  Harvey 
Least  Squares  Mtuimum  Likelihood  program  by  absoilniig  the  terms  for  cow,  batch  and 
week,  and  were  used  to  test  the  significance  of  the  two-  and  three-wi^t  interactions  by 
subtracting  the  error  sum  of  squares  for  the  fixed  interaction  effects  from  the  error  sum  of 
squares  for  the  absorbed  mixed  error  terms  generated  by  the  Harvey  program,  and  using 


of  the  fixed  < 


Milk  and  plasma  fatty  acids 


: analyzed  by 


no 

Milk  and  plasma  TAG  fany  acids  weie 
ihe  general  linear  models  procedure  ofSAS  (1987).  The  generol  model  may  be  expressed 

Y*ii*T*C(T)+W+T‘W+e,  where  Y-  individual  ferry  acid. 

PUN  and  alucose.  The  sraiisrical  models  for  rhesc  analyses  are  similar.  The  final 
model  for  glucose  may  be  expressed: 

Y-MtT+Ls-T*L+Ca*l.)s-Ds-W+T*W+L’W+T-L*W+C(T*L)*W+e 
where  CNdsy  of  sample  run. 

The  final  model  for  PUN  may  be  expressed  os: 

Y=|i*T*L*T-L*C(T*l,)*W*T'W*L'WtT’L'W+C(T'I->*W 

+DtD*W+CCT*L)*W*D+e 

analyses  The  mixed  error  lerm  C(T*L)*W  was  gcocralcd  as  described  for  HDL. 

Orthogonal  conrrasts  for  HDL*oholesrerol,TAG,  glucose,  and  PUN  were 
calculated  by  hand  according  to  the  method  described  by  Snedecor(193l). 

Precnanev.  Results  of  pregnancy  testing  were  analyzed  by  the  general  linear 

were  analyzed.  The  trial  included  animals  calving  fiom  late  September  through  January, 
of  calving  (warm  vs.  cool)  was  included  in  the  model.  The  model  may  be  expressed  as: 


: P'parily  (first  c 


Sbce  the  same  technicten  perfomtedall  services,  Kchnician  was  act  included  in  the  mode]. 
Orthogonal  conirasla  included  WCS  v.  no  WCS.  bST  v.  no  bSt,  WCS  x bST,  parity, 
season.  WCS  x parity.  bST  x parity,  WCS  x sermon.  bST  x season.  WCS  x parity  x season. 

Hematocric  hemoglobin,  erylhroeyle  osmotic  fragility  (EOF),  a'locopherol,  [)- 
carotene,  retinol,  retinol  phosphate,  total  gossypol,  and  Isomers  of  gossypol  were  analyzed 


y-p+T*C(T>D-)-T*I>te 

used  to  determine  the  day  eowa  began  cycling  postpartum,  number  of  cycles  per  cow,  and 
peah  P,  during  luteal  phase. 

To  determine  possible  influence  of  gossypol  on  pregnancy,  pregrtancy  rates  to  fiial, 
second  and  cumulative  first  and  second  inseminations  were  reanalyzed  using  plasma 
gossypol  coneenlrations  for  d 7S,  96,  130  ns  separate  daia  sets,  and  mean  gossypol  levels 
as  continuous  independeni  variables.  Model  for  this  analysis  included  treatment,  gossypol, 
lreolmenl‘gossypol,  gossypol’,  and  Irealmeni’gossypol’. 
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Individual  feed  intakes  weie  not  measured  in  this  Study.  Group  averages  for  DM1 
were  22-73  for  WCS  and  22.05  kg/d  for  no  WCS.  Milk  yield  was  least  for  cows 
consuming  WCS,  although  difforences  were  not  signlftcaiit.  However,  bST  treatment 
supported  milk  yield  compared  to  no  bST  treatment  (/^.OOOI ).  Whole  cottonseed 
treatment  did  not  affect  milk  fat  or  protein  percentage,  MUN  or  SCC.  Least  squares 
means  for  milk  yield,  fal  and  protein  percentages.  MUN  and  SCC  are  presented  In  Table 

Body  condition  scores  were  not  different  among  treatments  at  oalving  (Table  4-3). 
However,  BCS  were  higher  among  cows  receiving  the  WCS  + bST  treatment  at  d 30 
postpartum  (3.15  vs.  3.10. 3.04,  and  2.92  for  control,  WCS.  and  bST;  M.0445).  This 
trend  persisted  throughout  the  remainder  of  the  trial. 

Treatment  least  squares  means  for  HDL  are  in  Table  4-4.  Figure  4-2  depicts  the 
dUferences  between  treatments  by  day  postpartum.  Mean  HDL  concentrations  were 
77.40,  105  .65, 89.63  and  109.15  mg/dl  for  control,  WCS,  bST  and  WCS  + bST, 
respectively.  High  density  lipoprotein  cholesterol  increased  through  the  first  84  d for  all 
animals.  Both  bST  and  WCS  (Figure  4-2)  increased  HDL-cholesterol  and  the  rate  of 
HDL-cholesterol  rise  (F<0.00l ).  The  interaction  of  bST  and  WCS  also  increased  mean 

significant. 
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Least  squajes  means  fct  PUN,  glucose,  and  TAG  are  in  Tables  4-4.  Overall 
treatment  means  for  PUN  are  13.67, 16.35, 13.14.  and  14.72  mg/dl  for  control,  WCS, 
bST  and  WCS  + bST,  respectively.  Whole  cottonseed  increased  PUN  compared  to  no 
WCS  diets  (P<0.001),  while  bST  decreased  PUN  (P<0.KI1).  Bovine  somatotropin 
tended  to  moderate  PUN  when  administered  to  cows  consuming  WCS  (/’O.IO). 

Overall  means  for  plasma  glucose  were  60.52, 66.01, 60.15  and  63.14  mg/dl  for 
control,  WCS.  bST.  WCS  + bST,  respectively.  Total  TAG  means  were  15.41, 1552, 
14.25,  and  1 S.S5  for  control,  WCS.  bST  and  WCS  + bST,  respectively.  Plasma  glucose 
wn.s  increased  by  WCS  (P<0.025),  and  WCS  also  tended  to  increase  plasma  TAG 
(7’<0. 10),  but  bST  and  the  interaction  of  bST  and  WCS  were  not  signiftcant  for  glucose  or 
TAG. 

Preananev  results.  Mean  pregnancy  to  two  TAI  services  was  49.46%  with  a mean 
embryo  loss  of  9.38%.  Least  squares  means  for  pregnartoy  rate  to  two  TAI  services  by 
treatment  ace  in  Tabic  4-5.  Main  effect  of  treatments  was  not  sigitilicanl.  However, 
contrasts  revealed  a signincani  intersclion  of  bST  x parity  x season  (P-0.0216). 
Primiparous  animals  calving  during  the  warm  months  of  the  trial  were  beoefitied  by  bST 
treatment,  while  bST  had  no  effect  on  animals  calving  io  the  cooler  seasoru  No 
differences  were  detected  among  multiparous  cows  due  to  treatment.  Effects  of  bST 

Whole  cottonseed  had  no  effect  on  pregnancy  rate. 

profiles  are  in  Tables  4-7  and  4-8.  In  general,  co^  receiving  WCS  produced  less^ort 


cows  on  the  no  WCS  diet.  This  [oOem  of  change  in  mill:  fiitty  acids  has  been  noied  in 
previous  snidies  ( Slotry  and  Pslmquisl.  I9S8;  Lubisel  el..  1990;  Chouinard  elal..  1997). 
Uurie  (12:0),  mytisde  (14:0),ind  palmilic  acids  (16;0)  were  all  reduced  in  milk  from 
cows  receiving  WCS,  and  increased  in  milk  from  cows  receiving  bST.  These  three  htty 

Odd  chain  fatty  adds(lS:0, 15:lu«,  17:0, 17:lu8)  were  all  decreased  by  WCS  treatineni. 
These  fatty  acids  are  predominantly  of  microbial  origin.  It  cannot  be  determined  fiom  this 
evidence  if  microbial  growth  was  affected  by  WCS,  or  if*  novo  synthesis  of  fatty  acids 


of  plasma. 

Linoleic  acid  in  milk  or  plasma  TAO  was  unalfected  by  treaUacat.  Plasma  TAO 
linoicnie  acid  (1 8:3oi3)  was  reduced  b cows  receivbg  WCS  compared  to  the  no  WCS 
diet  (0.5S  vs.  0.72  %.  >0.0058).  Arachidonic  acid  (20:4u6)  tended  to  be  higher  b 
plasma  TAG  from  cows  receiving  bST  compared  to  the  no  bST  uealmeni  group  (2.31  vs. 


2.00  %,/M).0645).  Mean  lB:3u3  in  the  WCS  diel  was  2.50K,  vdiereas  Ihe  no  WCS  diet 
coniained  appioximauly  S.27  % IS:3u3.  Linolenic  acid  isapcteniial  inhibitor  orPGp!. 
synthesis,  while  20:4u6  is  the  precursor  of  this  prostaglandin  (Staples  et  al..  1993). 

Cows  consuming  WCS  showed  a more  rapid  increase  in  accumulated  P,  compared 
to  other  irealmenls  (Figure  d-4).  Subsequent  analysis  revealed  that  prior  to  30  d PGF,, 

return  to  esirous  cycling,  compared  to  cows  not  receiving  WCS  (Table  4-0).  However, 
this  benefitofWCS  was  mimicked  in  cows  receiving  bST  (/**0.0538  for  interaction). 
After  d 30  PGF„  treatmenl,  cows  on  WCS  diets  tended  to  return  to  cycling  4.3  d earlier 
(P=0.0387)  and  had  higher  peak  dining  their  luteal  phase  than  other  cows  (P^.0272). 

Erythrocyte  osmotic  fragility  and  total  plasma  gossypol  were  greatest  cm  WCS 
diets  (Table  4-9).  However,  cows  receiving  WCS  + bST  bad  EOF  values  similar  to  no 
WCS  treatments.  Least  squares  means  for  control,  WCS.  bST  and  WCS  + bST 
treatments  were  2.33,  1 1 .13,  1 .08,  and  2.69,  respectively,  for  EOF  (P=0.01 66  for  the 
ioieractioD  WCS  x bST).  Beginning  shortly  after  calving  and  continuing  through  the  rest 
of  the  treatment  period,  total  plasma  gossypol  increased  in  cows  receiving  WCS  alone 
(Figure  4-5).  However,  gossypol  concentration  of  cows  receiving  WCS  + bST  peaked 
earlier  and  declined  sooner  compared  to  cows  receiving  WCS  alone  (P<0.001). 

Because  plasma  gossypol  levels  and  WCS  treatment  wera  highly  confounded,  least 
squares  analysis  which  included  gossypol  as  a continuos  independent  variable  did  not 
generate  meaningAjI  results.  However,  heterogeneity  of  regression  of  pregnancy  rale  on 
gossypol,  pooling  results  by  bST  treatment  revealed  a quadratic  response  to  d 1 20 


gossypol  levels  were  al  or  below  2.6  ng'nil.  but  decreased  for  higher  gossypol  levels. 

Discussion 

No  significant  cfTects  of  WCS  were  noted  on  milk  yield  or  composilioii  b this  trial. 
However,  bST  increased  milk  yield  compared  to  no  bST  groups.  Increased  milk  yield  is 
commonly  noted  when  fat  is  fed  (Palmquist  and  Jenkins.  19S0X  but  is  frequently  less  than 
might  be  predicted  from  btcreased  energy  intake  (Jenkins,  1993a).  Bovine  somatuiropiQ 

Dietary  fat  increased  plasma  HDL.eholeslerol,  glucose,  and  compared  to  no 
WCS  diets.  Supplemental  fat  has  been  noted  to  increase  both  idiolesterol  and  P,  b other 
studies  (Caroll  el  al..  1990;  Carollel  ol..  1992).  Exogenous  bST  also  increased  plasma 
RDL^choleslerol,  but  curves  of  accumulated  P^were  not  different  between  bST  and  no 
bST  treatments.  Somatotropin  has  a number  of  effects  on  the  liver,  which  may  include 
bereased  lipoprotein  and  cholesterol  synthesis. 

Percenlage  of18:2ta6  in  piosma  TAO  was  unaffected  by  ireaunenl.  However, 
total  plasma  TAG  was  higher  meows  receiving  WCS.  so  that  total  quantity  of  IS!2<u6  b 
plasma  would  be  bereased.  Calculated  mg  of  I8:2u6  in  plasma  were  4.81, 4.94. 4.41  and 
4.97  lor  eontnsl,  WCS,  bST,  and  WCS+bST  treatments,  respectively.  The  difference  b 
these  quantities,  however,  may  have  been  too  smali  to  effect  PCFj.  synthesis  by  the 
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itpecfed  benefits: 


IIS 

may  eUend  lo  olber  unex 
Further  studies  are  requited  to  more  closely  extunine  Ibe  effeou  of  bST  on  liver  clearance 

Although  this  expenment  was  not  specifically  designed  to  delect  potential  negative 
effects  of  gossypol  on  pregnancy  rates,  close  analysis  of  the  data  by  lielerogcncity  of 

2.5  ng/ml.  The  increase  in  pregnancy  tale  at  lower  gossypol  levels  may  be  due  lo  the 
confounding  of  gossypol  with  WCS  trenimenl.  At  low  levels  of  gossypol.  Ibe  beneficial 
elements  of  WCS,  such  ns  fnl  and  protein,  may  posilively  influence  pregnancy,  but  at 
higher  levels  of  plasma  gossypol,  this  beneficial  effect  is  overwhelmed.  Further  studies  arc 
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Table  4-2.  FaTty  acid  composition  ofdiels  of  Total  feny  acids*) 


• resulia  of  PC  nnalysis  of  TMR. 
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Milk  Yield  imd  Composilioti 
MY(kg/d)  32.31  31.58  32.81 

Fsi(W)  3J5  3.46  3,43 

Proleia  (%)  2.90  2.92  2.92 

SCC<k1000)  324  367  403 

MUN(ing/dl)  15.22  15.22  15.78 

Plosma  ConslitucnU  (mg/dl) 

HDL  77.40  105.65  89.63 

PUN  13.67  1635  13.14 


D.OOOl  0.5122 
0.3696  0.9572 

0.9168  0.8005 

0.5340  0.9792 

0.8042  0.3783 

0.001 

0.001  0.10 
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Table  4-5.  Least  squares  mami  ef  pregnancy  rales  lo  two  TAl  services. 

TreaPienl  Teal  Cows  I’TAl 2*^  TAl  1*&2“TA1 

TO  50  37.1  23.6  51.3 

XI  45  33.6  26.4  51.8 

T2  43  27.1  35.8  51.1 

T3  48 2T3 262 46.8 
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GnRH 

PGFk  CdRH  PGFi.  TAI 


•^  30  65  72  74  75 
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Figure  4>1,  Repreduclivu  management  preli 


Figure  4-2.  Regression  curves  for  plasma  HDL-cholester«l  (WCS  v.  none,  M.OOl;  bST 
V,  none,  Ml.OOl). 
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Figure  4-3.  Pregnancy  rates  of  primipnroua  cows  0>ST  x season  x parity,  P*0.02). 
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I by  di«I  (WCS  v,  iwM.3'<tl.00l). 


Plasma  Gossypol  (ng/ml) 
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*^8*’'“''”'  of  pregnanty  rala  on  plasma  gossypol  concenlration  (bST  v.  i 


CHAPTER  5 

EFFECTS  OF  WHOLE  COTTONSEED  AND  BST  ON 
OVARIAN  FOLLICULAR  DYNAMICS  IN 
LACTATTNO  DAIRY  CATTLE 


Increased  milk  produclion  brought  about  througb  the  use  ofbST  has  led  to  its 
widespread  adoption  by  daily  producers.  Exogenous  bST  also  stinuilates  DMI  and 
increases  the  paitidoningofnutrients  for  milk  production  {Bauman,  1992).  Unfortunetely. 
these  increases  in  production  and  r^nnitioning  of  nutrients  contribute  to  tbe  NES 
typically  experienced  by  early  postpartum  dairy  cows,  which  bos  been  associated  with 
teducedreproductiveperftraiance(Staplesetal.,  1991).  Evidence  of  mote  direct  efiects 
of  bST  on  reproductive  function  have  been  reported,  but  considerable  variation  in 
responses  have  been  noted.  Cows  treated  with  bST  have  bad  either  increased  or 
decreased  plasma  P,  concentrations  and  altered  LH  seereUon  {Schotim  el  al.,  1990; 
Walennan  « al.,  1993).  Effects  of  bST  may  be  direct  or  indirect  through  IOF-1 
stimulation  of  gonadotropins.  Reccptois  for  both  bST  and  IGF-I  have  been  identified  in 
ovarian  tissues.  Lactational  slate  has  been  shown  to  influence  response  of  ovarian  tissue 
to  bST  (De  La  Sotaetal.,  1993).  Dose  levels  below  that  recoimneDded  for  commercial 
use  may  improve  repioducdve  performance  in  iactating  cows  (Stanisiewaki  et  al.,  1992). 
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Dielafy  lat  is  camisonly  added  to  daiy  lalions  to  increase  energy  density  of  the 
diet  to  compensate  for  reduced  DM]  postpartum  and  reduce  the  severity  of  NES. 
However,  evidence  has  emerged  that  dietary  fat  may  have  other  effteis  to  stirmilate 
reproductive  tesponse.  These  effects  include  increased  plasma  cholesterol  and  P« 
(CarolJ.eta].,  1992),  incteased  number  of  medium  sized  follicles  (Wehnnim  et  a),  1991), 
increasedsizeofthepreovulatory  follicle  (Lucy  el  al.,  1993b;  Newboldetal.,  1997; 
Rachuonyo  et  al.,  1997),  and  possible  blocking  the  synthesis  of  PGF,..  which  causes 
regression  of  (he  corpus  luteum  which  may  result  in  early  embryo  loss  (JenJdns,  1988). 

The  Directive  of  (his  experiment  was  to  study  the  effects  of  dietary  WCSand  low 
dose  bST  on  ovarian  follicular  (fynamicsoflactating  dairy  cattle  during  the  period  just 
prior  to  insemtnalion  to  inipiove  understanding  of  possible  mechanisms  of  action  of  these 
treatments  and  their  effects  on  reproduction. 


This  experiment  was  part  of  a larger  study  involving  1 86  dairy  cows  at  the 
University  ofFiorida  Dairy  Research  Unit  in  Hague,  FL,  to  study  effects  of  WCS  and  I 
on  milk  production,  animal  health,  and  pregnancy  retes  during  (he  early  postpartum 
period.  Cows  were  assigned  randomly  at  calving  to  one  of  four  treatmeots  in  a 2x2 
factorial  ariangenient,  0)  control  or  no  WCS  ration  without  bST,  1)  ISK  WCS  radoo 
without  bST,  2)  208  mg  (0.5  ml)  bST  (Posilac,  Protiva  Co.,  St.  Louis,  MO)  injected 
subcutaneously  every  14  d,3)  15%  WCS  ration  plus  bST  treatment.  The  bST  treatmer 
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was  approximaldy  30%  of  (he  recommended  dose  for  commeiciaJ  use  to  increase  milk 
preduction.  All  cows  were  injected  a(  30  d postpartum  with  POF).  (25  mg  im, 
Lulalyse,  Phaimacia-Upjohn  Co^  Ml)  and  estrous  syochroiiized  be^nning  d6S  postpartum 
described  previously.  Briefly,  cows  were  injected  with  100  pg  gonadotropin  releasing 
hormone  (OoRH.  Cystorelin,  Sanofi  Inc.,  KS)  at  1600  b,  followed  7d  later  by  PCF;.  again 
at  1600  h.  Another  GoRH  injectioo  followed  48  h after  PGFj.  at  1600  h.  and  cows  were 
inseminated  16  hafter  second  CnRH  injecdon  at  0600  b. 

follicular  dynamics  during  tbe  TAl  period.  Ovarian  follicular  dynamics  were  monitored 
dally  by  ultrasonography  bcginjiing  tbe  day  of  first  GnRH  iDjeoion  (d  0)  and  continued 
through  the  second  GnRH  litjectioa  (d  9).  A real-tune  Ultrasound  unit  (Aioka  Ecbo- 
Camem  SSD  -500.  Aioka  Co.,  Ltd.,  Japan)  equipped  with  a 7.S  MHZ  linear  arr^ 
transrectal  transducer  was  used  for  examination  of  ovaries.  At  each  scanning,  position 
and  siae  of  follicles  (a2  sun)  and  corpora  lutea  (CL)  on  the  ovaries  were  noted  and 
mapped  in  relation  to  each  other,  and  these  maps  later  used  to  chan  changes  in  structures 
over  die  lO-d  observation  period.  Follicles  were  designated  as  class  1 (2  to  S mm),  class  2 
(6  to  9 mm),  or  class  3 (>  9 mm).  Diameters  of  tbe  dominant  and  subordinate  folliclea  and 
CL  also  were  noted.  Cows  were  scanned  also  tbe  iiej  after  ioseminatioo  to  confinn 
ovulation  of  the  previously  ideotilied  ovulatory  folilde.  Cows  which  did  not  ovulate  by  d 
1 1 were  checked  again  for  tbe  succeeding  two  days,  and  any  animals  not  ovuladng  by  d 13 
were  considered  anovulatory. 
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Blood  samples  were  collecloi  daily  from  (he  co(xygea]  vein  or  artery  into  sterile 
vacutainer  tubes  comaining  ethylene  diamine  tetm  acetic  acid  (EDTA;  Becton  Dickinson, 
East  Rulherfocd,  NJ).  placed  on  ice,  and  centriiugedBt3000xgfor20aiinat  4°C 
Plasma  was  separated  and  stored  at  -20°C  until  analysis  by  ladioimuno  assay 
(Knickerbocker  et  al.,1986).  Intra-  and  inierassay  coefficients  of  vari^on  were  6.6  and 
6-7%,  respectively. 

Data  were  analyzed  by  analysis  of  variance  using  (he  general  linear  models 
procedure  of  SAS  (Statistical  Analysis  System,  1 987).  Plasma  P,  concentration,  total 
numbers  of  class  1 , 2 and  3 foUicles,  number  and  size  of  CL,  and  size  of  dominant  and 
subordinate  follicles  were  dependent  variables.  Model  included  treatment,  cow  nested  in 
treatment,  experimental  day,  Uealment'day,  and  residual  error.  Main  effects  of  treatment 
were  analyzed  using  cow  within  treatment  as  the  error  tetm.  Orthogonal  contrasts  were 
WCS  vs.  none,  bST  vs.  none,  and  the  interaction  of  WCS  and  bST.  Response  variables 
involving  repealed  measures  were  analyzed  by  heterogeneity  of  regression  for  day  trends 
by  the  method  described  by  Wilcox  el  al.,  (1990).  A single  polynomial  regression  for  day 
was  Ected  to  an  individual  depeudenl  variable  and  (he  dlfiereace  from  Citing  individual 
regressions  for  WCS  vs.  none,  bST  vs.  none,  and  the  interaction  were  tested.  Results 
were  declared  siguiCcant  atpO.OS. 
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On  d 0 of  (he  eigierimem,  89  (2i/28)  cows  bed  class  3 follicles.  In  response  (o 

(he  Gist  GnRH  injection.  S0%  (14/28)  cows  ovulated.  More  than  one  CL  was  detected 
during  the  couise  of  the  experitnem  in  14  cows  (4, 3, 3,  and  4 for  treatments  0, 1,2,  and 
3.  respectively).  On  day  9, 92-9%  (26/28)  of  the  cows  had  a dominant  or  preovulatory 
fbllicleand  8S.7%(24/28)ovulatedinresponse  to  the  second  QnRH  injection.  Of  the  4 
cows  that  did  not  ovulate  in  response  to  the  second  GnRH  injection,  two  underwent  CL 
regression  prior  to  PGF,.  administration  and  ovulated  spontaneously.  The  two  remaining 
cows  failed  to  ovulate  even  (hough  a dominant  folhcle  was  present  at  the  tune  of 
administration  of  the  second  dose  of  GnRfi. 

Two  cows  were  determined  to  be  anestious  based  on  plasma  analysis  performed 
on  samples  collected  three  tunes  weekly  Gom  day  of  calving.  Inspile  of  this,  both  aoestrus 
cows  responded  to  GnRH  administration,  developed  a dominant  follicle,  and  ovulated 
following  the  second  GnRH  injection.  These  cows  also  ovulated  a folhcle  ibllowing  the 
Gist  GnRH  dose,  but  &iled  to  develop  a functional  CL,  as  plasma  P,  cooceotrations  during 
the  experimental  period  did  not  exceed  2J  ng/ml. 

Five  of  the  28  cows  had  plasma  P,  values  > 1 .0  ng/ml  on  the  day  of  insemination 
(d  10).  Three  oftbeGve  cows  had  Pi  concentretions  >1.0  ng/ml  on  d 7,  at  the  time  of 
POF]!  adnunistration,  indicating  that  their  CL  were  not  responsive  to  luteolytic  treatment. 
Following  TAL  17.9%  (S/28)  cows  were  diagnosed  pregnant  by  ultrasound  on  d 36  post 
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Neither  WCS  not  bST  afTected  munber  of  class  I or  class3  follicles  (Figures  5-1 
and  5-2).  Number  of  class  2 ftillicles  was  significanily  different  among  treatmenU  (Figure 
5-3;  i^.OOS)  and  an  interaction  of  bST  and  WCS  was  delected.  Number  of  class  2 
follicles  was  lower  and  changed  little  following  GnRH  administration  in  cows  receiving  the 
no  WCS  diet.  Recruitment  of  class  2 follicles  was  enhanced  in  cows  receiving  bST  and 
WCS,  but  the  effect  of  bST  on  class  2 follicles  was  absent  in  anunals  receiving  the  no 
WCS  diet  However,  this  stimulation  did  not  extend  to  the  la^t  class  3 follicles,  from 
which  the  dominant  follicle  is  selected. 

Growth  and  size  of  induced  dominant  follicles  differed  among  treatments  (pO.05). 
Low  dose  bST  increased  the  diameter  of  the  dominant  follicle  following  PGF,.  injectinn 
regardless  of  diet  (FO.Ol;  Figure  5-4).  Dominant  follicles  of  cows  injected  with  bST  but 
consuming  the  no  WCS  diet  exhibited  greater  dominance,  reCecled  in  decreased  number 
of  class  2 follicles  on  the  ovaries  of  cows  receiving  this  tieannenL  Growth  curves  for 
subordinate  follicles  likewise  were  not  parallel  across  treatments  (Figure  S-S;  (*0.005). 
Effects  of  diet  ((>0.005}  and  a WCS’bST  interaction  ((>0.01)  were  detected  for  size  of 
the  subordinate  follicle.  As  with  class  2 follicles,  the  dominant  follicle  of  bST  treated 
cows  ou  the  no  WCS  diet  exhibited  greater  dominance,  resulting  in  a smaller  aze 
subordinate  follicle  (Figure  5-5).  Dominant  follicles  of  cows  receiving  WCS  without  bST, 
however,  did  not  suppress  the  growth  of  subordinate  fbUides  to  the  same  exienL 

Sixteen  cows  which  hnd  a plasma  P,  profile  similar  to  that  expected  during  a 
normal  diestrous  phase,  indicating  that  a functional  CL  was  present  throughout  the 
experimental  TAJ  period  from  d 0 tod  7.  Twelve  cows  were  excluded  from  the  analysis 
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due  to  spontaneous  regression  of  CL  one  to  two  days  prior  to  FGF],  injection,  or  tiad 
been  in  estrus  at  the  ticne  of  the  first  GnRH  injection  or  immediately  following.  Since  ] 1 
of  the  16  cows  had  more  than  one  CL,  eithernocurally  or  induced,  estimates  were 
adjusted  for  number  of  CL  using  CL  number  as  a covariate  for  regression  analysia. 
Analyses  were  peifonned  using  data  Ibr  d 0 to  10  for  data  associated  with  the  luteal  phase 
(d  0 to  7),  and  during  the  period  of  CL  regression  (d  7 to  10)  to  examine  eSects  of  before 
and  after  induction  of  CL  regression. 

Regression  curves  for  plasma  P,  concentration  from  d 0 to  7 turd  0 to  10  were 
different  among  treatments,  and  a WCS*bST  interactian  was  detected  (PO.Ol;  Table  5- 
I).  Cows  treated  witii  bST  and  coDSumlng  WCS  bad  higher  P,  conceslrations  in  plasma 
and  maintained  those  levels  during  the  diestrnus  phase.  In  contrast,  cows  on  the  no  WCS 
diet  treated  with  bST  had  lower  initial  P,  cancentrations,  but  then  experienced  mote  rapid 
increases  in  (Figure  S-6).  During  the  period  of  CL  regression,  an  overall  signifrcanl 
effect  (P<0.01)  effect  of  WCS  diet  was  delected.  However,  differences  in  plasma  P,  were 
not  detected  among  treatments  when  d 8, 9 and  10  were  considered  (Table  5-1). 
Regression  of  the  CL  did  not  differ  among  treatments  and  was  complete  by  d 9 in  both 
WCS  and  no  WCS  groups. 

Cows  with  multiple  CL  were  evenly  distributed  among  treatment  groups.  Mean 
CL  number  was  1 .55  ± 0.08.  Diameter  of  CL  also  did  not  differ  among  trealmenls, 
although  cows  receiving  WCS  had  a tendeircy  (P°=0.06)  to  develop  slightly  larger  CL  than 


t fed  WCS  diet  (33.9  vs.  31.6  mm). 


Hie  low  pregnancy  rate  for  cows  oa  this  experiment  (17.9%)  within  the  obaerved 
group  compared  to  overall  first  service  ptegnancy  rate  of  the  main  group  (n«l96;  M.9%) 
can  be  explained  by  the  stress  induced  by  daily  lectaJ  examination  during  the  insemination 
period  and  the  day  following  insemination. 

Increased  number  of  preovulatory  follicles  during  the  second  follicular  wave 
among  cows  treated  with  the  recommended  dose  of  bST  (i00mg/14d)  has  been  reported 
ptevioaily  (Kirby  etal.,  1997).  Earlier  return  to  estrus  postpamim  was  observed  in  cows 
receiving  lower  doses  of  bSr  (41. It  5 mg/d)  compared  to  hitter  doses  (S7.I  dt  14  mg/ml) 
and  untreated  controls  (SO.l  d)  in  the  experiment  of  Slanisiewslu  el  al.,  (1992). 

Number  of  class  I and  class  3 follicles  did  not  differ  due  to  treatment  in  the  current 
experiment,  although  number  of  class  2 ibilicles  was  influenced  by  bST  dose  depending  on 
diet.  Cows  receiving  bST  and  consuming  WCS  had  more  class  2 ibilielas  than  bST 
treated  cows  fed  do  WCS  diets.  This  suggests  that  bST  stimulates  a more  dominaal 
ovulatory  follicle,  ao  effect  which  was  suppressed  by  WCS.  Wehnnanetal.,  (1991) 
observed  that  WCS  stimuJated  number  of  medium  sire  follicles.  Somatotropin  increased 
the  populaiioo  of  class  2 follicles  during  the  first  follicular  wave  in  laclating  cows  (Lucy  el 
al.,  1992)  and  increased  plasma  lGF-1  concentration  in  plasma  (Newbold  el  al.,  1997). 
Increased  IGF-I  is  the  likely  mediator  of  altered  follicular  dynamics  due  to  bST 
administration  in  (his  experiment. 


Size  of  the  ioduced  dominant  follicle  is  bST  treated  cows  during  the  final  stage  of 
growth  was  significant  in  the  current  experiment.  A WCS*bST  interaction  was  detected 
for  size  of  the  subordinate  folli^e,  supporting  the  existence  of  a differential  eSecl  on 
follicular  dominance  due  to  bST  depending  on  diet  In  the  absence  of  WCS,  bST  treated 
cons  had  smaller  subordinate  follicles  than  cows  consuming  WCS.  This  corresponds  with 
the  effects  observed  on  class  2 follicles.  Similar  findings  were  reported  by  Lucy  etal., 
(1993b)  in  cows  consuming  CaLCFA.  The  mechanism  by  which  bST  and  diet  inleraci  to 
modify  ovarian  follicular  dynamics  is  not  known.  Alteration  of  LH  secretion  patterns  by 
l£T  in  lactaCmg  cows  has  been  noted  (Scbemm  ec  aL,  1990;  Waterman  etal.,  1993),  and 
Ibis  may  alter  ovarian  function. 

Tbc  dosage  and  time  of  adininistration  of  bST  relative  to  calving  seem  to  affect 
reprtMluctive  responses  in  lactating  dairy  cows.  In  the  present  study,  administration  of 
20Smg/l4dbST,  or  anavengeof  14mg/d,  began  ^tproximately  seven  days  postpartum. 
Cows  administered  larger  doses  (29  mg/d)  beginning  at  d 33  or  d 70  postpartum  and 
continuing  to  200  d had  increased  plasma  P,  and  LH  concentrations  (Schemtn,  et  al., 
1990).  Levels  of  40  mg/d  beginnir^  at  d 32  or  83  postpsitiun  to  d 1 80  decreased  plasma 
and  basal  LH  concentrations  (Walermao  et  al.,  1990),  indicatiog  a dose  response  to 
bST  in  reproductive  response. 

Studies  have  shown  that  bST  increases  plasma  lOF-1  in  lactating  cows  (De  la  Seta 
etal.,  1 993;  Newbold  et  al.,  1997),  and  increased  the  number  of  follicles  6 to  13  mm  in 
diameter  (De  laSotaet  al„  1993).  /n-v/rro,  IGF-l  and  lCF-2  consistently  stimulated  P, 
synttaesis  by  granulosa  cells  of  several  species,  including  bovines  (Spicer  and 


Echtemkamp,  i995).  Progesterone  and  IOF-1  concentrations  in  serum  ate  positively 
correlated  (Spicer  el  al„  1990;  1993).  Somatotropin  receptors  ate  found  in  abundance  in 
bovine  CL.  particularly  in  the  la^e  luteal  cell  (Lucy  at  al.,  1 993h).  nius.  bST  effects  on 
plasma  P,  and  ovarian  dynamics  may  be  both  direct  and  indirectly  mediated  through  IGF- 

Supplemental  dietary  fat  increases  serum  conceutrations  of  naturally  synthesized 
somatotropin,  insulin  and  cholesterol  (Tliomas  et  al..  1997).  It  was  also  observed  that 
concentrations  of  cholesterol  and  IGF-I  in  follicular  fluid  iu  the  same  experiment  when 
supplemental  &t  was  fed.  Increased  hepatic  synthesis  of  cholesterol  in  response  to 
increased  absorption  of  fat  from  the  small  intestine  may  have  provided  increased  precursor 
to  the  CL  for  P,  synthesis.  Burke  et  al.,  (1997)  reported  increased  P,  concentrations  in 
plasma  of  cows  fed  Menhaden  flsh  meal. 

Lactaiing  cows  fed  fish  meal  have  attenuated  uteriue  PGFj,  secretion  when 
luleolysis  is  triggered  under  expcrimenlal  conditions  (Coehlo  el  al..  1997).  Menhaden  fish 
meal  contains  approximately  S%  fet,  including  significant  amounts  of  very  long  chain  n-3 
fatty  acids,  which  may  inhibit  PGF^  synthesis. 

Linoleic  acid  has  been  shown  to  inhibit  prostaglandin  synthesis  through 
competitiveinhibitionofcyclooxygenaselDanel-DenoyersBtnI.,  1993).  Whole 
cottonseed  contains  more  that  50H  H:2<a6,  however,  biohydrogenation  in  the  rumen  of 
18;2o>6  in  cottonseed  may  be  as  high  as  70  to  90«,  limiting  the  availabiliQ'  of  this  ftlty 
acid  for  inlcstina]  absorption  (Palmquist  and  Jenkios,  1980).  Although  no  difference  was 
noted  m 1 8:2o6  concentration  between  cows  receiving  WCS  and  no  WCS  diets  in  the 
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larger  experiment,  total  plasma  TAO  were  increased  on  tbe  WCS  diet,  which  would  have 
increased  tbe  total  milligiains  of  18:2u6  absorbed. 

Current  lesuhs  indicate  possible  benefits  of  bST  treaunent  in  combination  with 
dietary  &i  on  certain  elements  of  reproductive  function,  namely,  increasing  the  number  of 
medium  sized  follicles  from  which  dominant  follicles  may  be  selected. 


Table  S-1.  Post  luteal  phase  plasma  progesterone  concentration  Eromd?  through  10 
of  TAl  protocol. 


Treatment  Progesterone  (ng/ml),  meaneSE 

d7» d8 ^ dlO 

TO  6.04*1.41  1.28  *0.43  0.71*0.45  0.62  *0.11 

T1  11.80*1.64  2.35  *0.54  0.97  *0.52  0.60  *0.13 

T2  8.23*1.46  1.91*0.43  1.47  *0.45  0.50  *0.11 

T3 11,33*1.28  2.19*0.40 1.19  *0.40  0.72  *0.10 

■Contrast  for  WCS  v.  nonef’<0.02. 
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Figures  5-1  end  S-2.  Chaoge  ia  number  of  class  I and  class  3 follicles. 
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Experimental  day 


Figure  3-3.  Number  of  class  2 follicles  by  treatment  (WCS*bST,/’<0,005)- 


4.  Growth  and  SI2 


ninant  foUidc(bST  v.  none,/><0.01). 
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Experimental  day 


Figure  5-5.  Growth  ond  size  of  subordinaie  follicle  {WCS  v.  none. /’<0.005;  WCS'bST, 
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Figure  5-6.  Change  in  plasma  P,  concentraiions  from  d 0 to  lOfWCS  v.  none,/’<0.0l). 


CHAPTER  6 

NUTRIENT  AND  MANAGEMENT  OPTIONS  FOR  FLORIDA  DAIRIES 

Intrnduclion 

The  dairy  indusrry  in  the  US  faces  many  cballacges,  not  the  least  of  which  is 
maiciaining  profits  in  the  face  of  increasing  feed  prices,  eoviroomental  regulations,  and 
decreasing  federal  support  for  agriculture.  The  1996  Federal  Agncultural  Improvement 
and  Reform  Act  (H.R.  2854)  will  phase  out  most  crop  subsidies  over  seven  years.  Crops 
aflected  by  this  change  in  policy  will  include  com  and  soybeans,  which  have  been  staple 
corrtmodities  for  most  livestock  feeds.  This  legislation  will  also  phase  out  the  Dairy 
Support  Price  program  over  four  years. 

In  addition,  enviroiunentai  regulation  of  livestock  waste  disposal  has  become  o 
major  public  concern,  and  much  of  the  focus  for  this  issue  in  Florida  has  been  on  dairies. 
Dairymen  are  now  required  to  develop  manure  disposal  systems  in  order  to  comply  with 
Florida  Department  of  Environntenta]  Protection  water  quali^  standards  CTwachtmann, 
1990).  This  has  led  to  considerable  research  elforts  which  emphasiae  nitrogen  (N) 

crops  (Van  Horn,  1992;  Fralsse  et  al..  1 996). 
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Dala  Cblleclion 

The  model  was  developed  based  or  an  exislinj  dairy  in  North  Cemrai  Florida.  An 
of  the  opcrelion.  Additional  Informatirm  was  obtained  from  published  data. 

Dry  cows  were  mainlainedon  pasture,  while  380  acres  were  under  development  to 


The  dairy  owner  slated  that  560  acres  of  the  farm  were  tnirrenily  in  crop 
production.  The  dairy  produced  mainiy  com  for  silage  and  a winter  annual  cereal  grain, 
either  rye,  oats  or  wheat,  also  to  be  used  as  forage.  The  dairyman  was  planting 
benoudagrass  to  prtrduee  hay.  The  main  purpose  of  the  crrrps,  however,  was  for  recycling 
ofmanureN  to  comply  with  environmcntnl  regulations.  The  dairy  owner  estimated 
average  com  silage  harvest  was  approximately  4.80  MT  DM/ha,  while  cereai  grain  yteitis 
2.54  MT/ha.  Betmudagrass  was  estimated  to  produce  5.46  MT/ha  of  hay  per  acre  (Van 
Horn,  1 992).  Nitrogen  uptake  by  crops  was  eaUmated  to  be  65  kg/ha  com,  and  5859 
kg/ha  cereal  or  bermudagrass  (Sanderson  arrd  Jones,  1997),  while  P uptakes  were 
estimated  to  be  approximately  13  J kg/ha  far  the  three  crops  (Van  Horn,  1992).  All 

lossofapproximately  555.  Cull  cows  were  sold  at  S380/head.  Veal  calves  were  sold  al  1 
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personal  coirununication).  For  puiposes  of  the  model,  annual  calf  crop  was  assumed  to  be 

(Thomas  et  al..  1996).  Milk  price  was  based  on  Plonda  market  order  price  for  May  1997 
(DeLorenzo,  1997). 

Figure  6'1  is  a schematic  representation  of  the  interacting  forces  which  influence 
and  martaged  scporately  from  concerns  affecting  the  family,  the  component  typically 

functions  of  milk  processors,  credit  agencies,  govermeenl  and  the  local  community. 

The  farm  is  primarily  in  the  business  of  producing  milk.  In  order  to  sustain 
production  levels  throughout  the  year,  it  is  necessary  to  mainlain  animals  of  different  ages 
nnd  in  differem  stages  of  their  production  cycle.  Animals  in  the  system  therefore  include 
adult  cows  m four  stages  of  lactaiioor  high  (to  90  DIM),  medium  (91  to  210  DIM),  low 
(211  DIM  to  dry  oH),  and  dry  cows,  cull  cows,  replacement  heifers,  and  bull  calves. 
Although  most  Florida  dairies  use  AJ  as  their  principal  means  ofhreeding.a  few  bulls 

with  the  cows  they  were  expected  to  breed,  they  cannot  adequately  be  separated  from  that 


group  for  analyst: 


15S 
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AcUvitie»  withb  the  matrix  uicluded  milk  productioD  at  two  potential  RHA,  with 
cows  disaggresDled  into  high  prodticlion  or  fresh  cows,  medium  production  or  mid- 

included  production  ofhcifct  calves  and  on-faim  replacements;  »le  ofhcifcfs,  cull  cows, 
and  vealers;  purchase  of  replacements;  crop  production;  labor  hiring;  fecdbg  on-farm 

Consiminis  on  the  system  included 

land,-£H,G, 

where  land,*  hectares  needed  for  pasture  h 
head  of  cattle  io  group  k 

landj“J]R,Mn|eTj 

where  land,"  hectares  in  crop  production  in  season  e 
R,"  tonnes  per  hectare  of  crop  c 
Mn,*  tonnes  of  minemi  f<N  or  P)  uptake  pet  ton  crop  c 
hectares  transferred  to  or  from  pasture  b. 

Bam,-IUct.’l8.« 


1S8 

laciBling  cow  wns  expected  to  spend  in  the  parlor,  using  figures  established  for  the  type  of 
parlor  on  raim.  which  was  a double  35  parallel  design  (Thomas,  etal..  1996).  Parlor  was 
further  disaggregated  into  winter  and  summer  parlor  use.  assuming  that  more  animals 
would  calve  and  enter  the  laciating  herd  during  the  cooler  months  of  the  year. 

p«rior."ILacl..*M>n 

where  parlor, ^parlor  time  duriog  season  s per  lactating  cow  m 
and  Minmninutes/day 

Nutrient  balancing  for  Iha  fans  was  accomplished  for  N and  P by  season  based  on 
the  following  formulae 

5ummetN=j;H,(j;FeedXDlP,,^tUlP,„)-fN_J*0.4)*ha,N.+slore.*0 
summerP  -J;H,(Feed,P^„-P„.>-ha,P,*5tore,=0 


Feed,  = tonnes  of  feed  ingredient  t 

DIP*,,  = tonnes  of  DIP  N in  feed  ingiedieni  r 
UIP*,.  = tonnes  of  UIP  N m feed  ingredient  f 


N„  = tonnesofNirmilk 
store.  - tonnes  of  siorege  N from  previous  season 


P, •tonnes  ofPincropc 


erP  ■ phosphor 


rcq.  - - Fced^u 


where  req,  ■ *S%  Ihe  Kquiremecl  for  out.  per  year 


req^  = JJEL«^-Feed^4EL_« 

NEL^  ■ megacalories  net  energy  for  laelalion  in  feed  ingredient  r 


where  high  * high  production  cows 


low-l.32diy 

Given  four  free  stall  bams,  each  with  a capacity  to  hold  SOO  cows,  ratios  were  determined 
assuming  that  mostoflbe  cows  on  Ihe  farm  would  he  in  mid'lactation  or  the  medium 
production  range,  and  that  this  would  be  approximately  three  times  the  number  of  late 
iBctalion  cows.  For  eveiy  mid-lactation  cow  there  would  he  0.32  early  lactation  cows,  and 
for  every  diy  cow,  there  wouW  exist  1 .32  late  lactation  cow,  Dry  cows  were  expected  to 
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Tlie  bsse  model  shovwd  virtually  no  dlRcrtnee  in  oulcomci  when  milk  production 
or  gross  margin  wem  maximized  {data  not  shown).  Milk  is  the  major  source  of  income 
for  dairies.  Fuither  chartges  to  the  model  were  tested  with  maximizijig  gross  margin  or 
minimizing  loiai  costs  as  the  oh^eclive  hmcdon. 

required  N recyeling  as  a eonsltainl,  and  another  in  which  both  N and  P (N+P)  balance 
was  a constraint.  Picvious  runs  had  included  only  P as  the  mineral  to  be  balaitced  without 
the  option  to  purchase  sdditioital  fertilizer  N,  but  results  showed  that  N became  limiting 
for  plant  growth,  and.  hence,  maximum  P uptake  would  not  be  achieved,  ‘nremfore,  the 
N+P  model  was  designed  such  that  the  program  had  the  option  to  purchase  additronal  N 
fertibzer  in  order  to  balance  for  both  minerals  Results  of  both  N and  Ne-P  nrodela  are  in 
Tabic  5-1. 

Laird  area  and  bam  space  were  limiting  under  both  N and  N+P  scenarios. 
Regardlessof  whether  N or  N+P  was  binding,  solutions  showed  that  additional  land 
would  need  to  be  trarrsferred  &om  existing  pasture  to  crop  production.  Quantity  of  Inird 
required  for  crap  produaion  varied  depending  on  season  of  production  and  whether  N or 
N+P  balance  was  bindbig  and  on  season  of  production.  Under  N constraint,  land 
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ITamferred  from  paslureto  crop  production  insummervflis  150.58  ha,  while  in  winter, 
land  transferred  to  crops  was  355.25  ha,  due  to  the  lower  production  expecled  from  cereal 

produce  crops  above  that  requited  under  N only  condidons  when  N+P  were  binding  b 
summer,  but  the  land  requited  for  winter  production  was  similar  (355.99  ha). 

When  mioimmeg  total  cosis  was  Ibe  objective  function,  solutions  for  both  N and 

the  model  attempted  b minimus  feed  costs  by  producing  as  much  forage  as  possible  on 
farm.  Shifts  in  crop  production  were  noted  when  cost  minimiaaiion  was  required  va 
income  maximization  under  bothN  and  NtP.  Com  silage  and  bermudagmss  hay 

under  N balance.  Silage  production  mcreased  3,960.17  MX  and  betmudagrass  production 
increased  3,710.38  MT,  while  ceieal  hay  decreased  896.10  MT.  These  shifts  were 
accomplished  by  a shift  in  N utilizalion. 

Replacement  management  also  differed  whether  mcome  was  maximized  or  cost 


consideration  for  decisions  regarding  replacement  managemenu  although  this  is  typcally 
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ptcgnam  replKcmenu  ralhei  Ihsn  raise  heifers  R!^  have  been  due  li>  the  land  area 
required  by  growing,  non-productive  heifers  vs.  that  for  older  animals  ready  to  enter  the 

production  under  N+P  balance  (22,621.37  MT).  Gross  margin  of  the  farm  enterprise  was 
highest  when  income  was  maaimized  under  the  N balance  constraint  (S7 .070.698),  and 
lowest  when  cost  ninimizalion  was  the  objecUve  function  ($6,007,431).  Under  the  N+P 
balance  model  with  income  mtutimization,  net  farm  income  decreased  5790,717,  due  to 
multiple  factors  resulting  in  increased  costa  per  cow  and  pet  MT  milk.  With  N-rP  balance 
constraint  operative,  the  coal  minimization  solution  reduced  farm  annual  gross  margin  to 
54,490,304.  Under  all  scenarios,  both  TAI  and  bST  were  selected  as  pan  of  the  optimum 
saluU'on.however,TAl  usage  was  substantially  reduced  when  N-aP  were  constraints,  and 
bST  usage  was  reduced  iinderN  constraint  wheo  cost  minimization  was  the  objective 


Under  both  scenarios,  TAI  was  selected  over  Control  for  reproductive 
managemenL  Reproductive  failure  is  a leadiag  cause  of  involuntary  culling,  followed  by 
feet  and  leg  problems,  and  constitutes  29%  of  involuntary  culls  in  Florida  (Webb,  1994). 
Based  oa  experiments  performed  at  this  and  other  dairies,  TAI  reduces  cull  rale  from  42 
to  30%.  or  a 12%  decrease  in  salvage  cost  f fhatcher  el  al.,  1 997).  Timed  A1  has  been 
used  on  this  dairy  for  two  years  as  part  of  a UP  Dairy  and  Poultry  Sciences  lesesrch 
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program.  Eatimoied  coalpercowofthe  bormone  Eerieois  $10.  However,  cull  uid 
replacement  rate  did  not  benefil  from  use  of  TAI  under  the  coodibons  oflhe  current 
model.  Timed  A1  increased  the  number  ofnnimala  calving  and  entering  the  milk  herd  in 

return  over  cost.  The  base  model  included  esbmoled  bST  efTeebs  only  on  milk  produedon, 
nutrient  requirements  and  feed  intake,  and  does  not  reOect  potenlisl  effects  on 
reprtxluction,  which  were  still  being  evaluated.  However,  even  when  expected  calving 
rate  due  to  bST  use  was  experimentally  reduced  to  80%,  the  model  still  selected  bST  over 
no-bST. 

and  only  N as  the  mineral  for  legulalion,  since  these  were  considered  to  be  the  conditions 
under  which  the  dairyman  was  opemting,  climinitUng  each  of  the  hormonal  treatments 
sequentially  so  that  outputs  may  be  compared.  Results  are  in  Table  6-2.  In  one  such 
model,  neither  bST  nor  TAI  were  avaiinble  options  <-TAl,-bST),  in  another,  bST  was 
availahle,  but  not  TAI  (■TAI,4bS'0.  and  in  another  TAI  was  available,  but  not  bST 
(4TAl,-bST).  These  scenarios  were  then  compared  with  the  full  model  in  which  both 
liealmenis  were  available  as  options. 

Use  of  bST  increased  cosl/cow  ($1 .77  vs.  $3.23)  but  decreased  eosiflUT  milk 
($193.76  vs.  $1 79.66),  and  increased  totnl  ineomc  compared  to  models  in  which  bST  was 
nm  available.  Increased  eRlclency  of  feed  conversion  to  milk  has  been  attributed  to 


suiting  in 
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As  addiUona!  informaiion  ia  made  available,  ihe  model  may  be  aliemd  to  reHecl  more 
accuiately  the  expected  benefila  of  these  intervenlions  on  fiann  income. 


Least  cost  ration  formulaticKi  programs  based  on  linear  modeling  principals  have 
existed  for  several  years.  However,  these  models  were  based  on  minimizing  cost/cow,  arrd 
do  not  renecl  potential  interactions  with  other  activities  and  constraints  of  the  &no 
system.  To  date  few  models  have  been  developed  to  analyze  either  dietary  cflecis  alone  or 
in  combination  with  other  managemeol  techniques  on  reproductive  performance  of  dairy 
cattle,  and  how  those  effects  may  impact  fami  income  (McCullough  and  DeLorenzo. 
1996).  Refuting  the  model  to  include  such  consideradons  as  specific  fatty  acid  and  amino 

dairyman  to  analyze  the  economic  value  of  these  nuuihonal  factors.  Balancing  animal 
requiiemenls  with  cflluent  uptake  by  feed  crops  using  Ihe  linear  model  approach  can  assist 
the  dairyman  by  predicting  cpdmal  use  of  {and  and  feedsnrfls  (Heiuy  el  al..  1995). 
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Additions  to  the  model  were  mode  lo  belter  weigh  the  benefils  and  costs  of 
supplemental  dielaiy  fol  end  low-dose  bST  for  improved  reproductive  efTieienc)'.  As  more 
dein  become  available,  the  model  may  be  refined  to  better  reflect  the  expected  benefits  of 
these  treatments.  In  order  to  thoroughly  examine  the  effects  of  nutrition  end  hoimonal 


as  well  as  the  possible  benefits  of  raising  on-farm  replacement  heifers  on  genetic 
advancement,  a multi-year  dynamic  model  would  need  to  be  constructed.  Due  to 
limitations  of  the  Quattro  Pro  spreadsheet  program,  another  software  system  would  have 
to  be  employed  to  accommodate  a larger  model. 

Considerable  interest  hss  been  expressed  by  dairymen  In  the  southeast  in  intensive 
grazing  as  an  altemaiive  lo  conlloemem  housing  and  use  of  TMR.  Intensive  grazing  may 
be  introduced  into  the  model  lo  compare  with  the  current  confinement  managemeot 
system.  Such  an  option  would  necessarily  include  efiects  of  grazing  in  the  south  on  milk 
production  and  fertility,  as  well  as  predicting  an  oplimal  supplemental  diet  for  animals  m 
such  a syalem. 

Linear  modeling  is  a useful  and  highly  flexible  tool  for  analyzing  decision  maklag 
and  predicting  the  value  of  certain  options.  However,  the  current  method  for  modeling 
requires  considerable  training  in  order  to  produce,  understand  and  inlerprcl  results.  In 
order  to  use  the  model  lo  assist  individual  dairymen,  a more  user-fiiendly  fbimal  could  be 
developed  in  which  the  user  could  enter  conslraims  applicable  to  hislier  particular  farm 
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which  raeasuKd  total  uacl  NDF  digestibility  (Dnickley,  et  al.,  1994).  and  suggests  that 
physical  coating  of  fiber  is  unlikely  to  be  the  reason  for  reduced  fiber  digestion  commonly 
observed  in  whole  animal  trials.  High  levels  of  alfklla  hoy  in  the  media  (>3054  of  DM) 

may  have  prevented  negative  effeclaofPUFA  on  activity  of  rumen  cellulolytic  bacteria, 
possibly  through  the  release  of  calcium  and  subsequent  formation  of  insoluble  soops. 
Further  investigations  tn  vitro  using  com  silage  alone  or  other  types  of  forage  low  in 
calcium  may  be  conducted  to  better  elucidate  the  dynamics  of  interactions  among  sources 
of  dietary  fat  and  fiber,  and  rumen  bacteria. 

Biohydrogenation  of  PUFA,  particularly  of  1 8 carbon  (any  acids,  followed  similar 
patiems  regardless  of  fat  source  or  mclhod  of  utcorpotaiion.  This  wa.s  true  of  CaLCFA  of 
PF.  although  cxicol  ofbydrogenalion  of  IB;2u6  was  less  in  calcium  soaps  compared  to 
untreated  poultry  fat.  Sukhija  and  Palmquist  (1990)  had  noted  thai  stability  of  high  PUFA 

PUFA  soaps  was  lower  than  that  of  the  mom  saturated  soups.  The  buffer  used  in  these 

amounts  of  dissociation  of  htty  acids.  Also,  the  process  of  soap  manufacture  resulted  in 

bonds. 


npared  to  no  bST  treatment.  Milk  respen 
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hu  vaned  considcnbly  among  trials  (Smilli  and  Harris,  1992;  Staples  el  al..  1991).  Fat 
petccmage  appears  to  be  increased  when  alfalfa  Is  uicluded  in  the  diet  (Smith  el  al..  1993). 

to  prevent  milk  fat  depression  (Adams  et  al,  1995).  However,  radons  in  Ihe  current 
experiment  comained  only  9 lo  II  % alfalfa.  Effects  of  dietary  fat  on  protein  percentage 
have  also  varied,  but  the  mechanisms  for  milk  protein  depression  have  sdll  not  been 

Whole  cottonseed  contains  >5014  18:2u6  forty  odds.  This  fatty  acid  has  been 
shown  to  Inhibit  PGF,,  syalhcsis  by  uterine  epithelium  in  vitro  (Dartet-Denoyers,  el  al., 
1993).  To  determine  if  this  effect  occurs  in  vfvo  two  other  pieces  of  infonnadon  ore 

trubsequenl  metabolic  fate  of  I8:2u6.  Samphng  of  duodenal  digests  was  not  possible  in 
this  experiment.  Althoughpercentageof18r2u6  as  a proportion  of  total  fatty  acids  in 
plasma  TAG  was  not  difftucnt  between  dietary  treatments,  quandty  of  TAG  was  increased 

PCF].  synthesis.  Chromatography  of  plasma  NEFA  was  not  performed  in  the  current 
TAG,  but  were  increased  in  milk  fat  of  WCS  fed  cows,  suggests  the  possibility  that  fatty 


18:2iu6  msyals 
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munmniy  gland  and  penpbsial  dssuea  by  plasma  NEFA.  Tbe  aunt  id  which  PUFA 
accumulale  in  uierine  epithelial  tissue  in  vivo  and  thus  may  iolerfere  with  prostaglandin 


syolhesis  remains  to  be  detennined. 

Whole  cottonseed  did  not  alTeci  pregnancy  rates  to  TAI  in  the  fiist  two 
postpartum  insentinnlions.  even  though  plasma  P,  increased  at  a more  rapid  rale  in  cows 
receiving  WCS  compared  to  other  treaunenls,  and  was  higher  in  cows  before  injection 
ofPOFj.  during  first  TAI.  Whole  cottonseed  did  not  alter  populations  of  class  I or  class 


ultrasound  observations.  Cows  fed  WCS  also  had  large 


in  die  eaperiment.  However,  it  was  noted  that  although  cows  receiving  WCS  had  greater 
plasma  concentrations  prior  to  PGFj,  administration,  sit  nnimals  returned  to  basal  levels 
ofPj  (<],0ng/mJ)  by  the  time  of  inseminsrion.  Timed  AI  may  have  eliminated  any 
advantage  conveyed  by  supplemental  fat  to  reproductive  te^nses  in  cows  fed  WCS. 

The  whole  animal  study  was  also  used  to  test  the  potential  for  use  of  a tower  dose 
ofbST  as  a therapeutic  agent  for  alimulaiing  reproductive  activity  in  the  early  posipnilum 
cowandlhua  increasing  conception  rales  to  TAJ  in  the  first  l20doflBciniion. 

Exogenous  hST  Is  most  widely  used  to  siirauloic  milk  production  and  increase  the 
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profitability.  Hcmovcr.  reports  regarding  effects  of  bST  on  reproductive  efficiency  have 
been  conflicting,  and  appear  to  depend  on  dose  and  physiologie&l  status  of  animals. 

Exogenous  bST,  injected  at  approximately  half  the  recommended  dose  for 
commercial  use,  did  not  influence  milk  production  or  composiiicn.  Bovine  somatotropin 
appeared  to  enhance  the  dominance  of  preovulatory  follicles  in  cows  not  consuming  WCS 
when  ovaries  were  monitored  by  ulimsound.  resulting  in  fewer  class  2 follicles  and  a 
smaller  subordinate  foUicIe. 

Although  main  effects  of  treatment  on  pregnancy  to  TAJ  was  not  signlficani,  on 
inlcraciion  of  parity  x season  of  calving  x bST  was  delected.  Primiparuus  animais  which 
calved  in  the  warmer  months  at  the  beginning  of  the  trial  had  o 40K  greater  pregnancy 
rale  when  receiving  bST  compared  to  similar  animals  which  did  not  receive  bST. 
Somatotropin  did  nor  affect  animals  which  calved  in  the  cooler  months,  nor  did  it  affect 
pregnancy  rates  among  mature  cows.  First  parity  animals  suffering  from  heal  stress  tend 
to  lose  more  body  condition  and  take  mote  lime  to  recover  than  more  mature  animais 
managed  under  the  same  conditions  (Thatcher,  personal  coramunication).  These  animals 
may  lepresem  a target  group  for  use  of  low-dose  bST  to  stimulate  reproduction.  Cows 
do  not  produce  enough  milk  in  their  fust  lactation  to  return  the  dairyman's  investment, 
and  do  not  begin  earning  n profit  until  their  second  laclalicn  (Bachman,  personal 
communications).  Poor  reproductive  efficiency  extends  the  length  of  the  first  lactation 
when  the  cow  represents  a net  loss.  Reproductive  failure  can  lead  to  increased  eiilling  of 
primiporous  cows,  increase  the  need  to  purchase  replacements,  and  thus  exacerbate  the 
financial  loss  to  the  dairy  producer. 
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Intcmcdons  of  WCS  and  bST  were  noKd  for  BCS,  plasma  eossypol  levels.  EOF, 
and  dominance  of  pieovulaloiy  folUcIes.  Cows  receiving  bolh  WCS  and  bST  lended  la 
have  higher  BCS  acores  al  d30  postpartum  compared  to  other  trealmems,  and  BCS 
lended  to  remain  higher  In  this  trealmenl  group  thioughoul  the  duration  of  the  experimenl 

contrast,  cows  consuming  WCS  and  receiving  hST  experietxed  lower  peak  plasma 
gossypol  levels,  which  declined  sharply  after  50  d postpartum.  Gossypol  is  cleared  Bom 
blood  via  the  liver.  It  is  possible  that  bST  stimulated  hepatic  clearanoe  of  gossypol. 

cows  receiving  WCS  -M>ST  had  EOF  values  similar  lo  that  of  controls.  Increased  EOF  is 
a consistent  Cmding  in  animals  consuming  cottonseed  products  high  in  gossypol  (Risco  et 
al..  1992:  Gray  el  al..l993).  Although  the  biological  significance  of  EOF  is  debatable,  it 
may  serve  as  an  indication  of  how  other  cell  membianes  inlhebody  may  respond  lo 
gossypol  concentralion.  The  effects  of  bST  on  plasma  gossypol  has  not  previously  been 

In  the  absence  of  WCS,  cows  Irealed  with  bST  exhiHted  greater  dominence  of  Ibe 
preovulatory  foUicle,  as  evidenced  by  fewer  class  2 follicles  and  a smaller  subordinate 
follicle.  In  conlrasl.  cows  treated  with  both  bST  and  WCS  had  mere  class  2 follicles  and  a 
larger  subordinate  follicle,  ft  is  unclear  whether  reduced  dombanceoftbepreovulaloiy 

result  in  less  functional  CL  in  this  trial,  as  cows  rece 
than  those  which  did  not  receive  WCS. 


eiving  WCS  had  higher  plasms  levels 


ISI 

Under  income  nuxiiniziuion,  all  heifers  bom  on  fom  were  sold  and  all 
replacemems  purchased.  Webb  (personal  eommunicatioos)  bad  advised  dairymen  that 
purehasing  replacemems  \vas  more  profitable  than  misiug  replacement  animals.  This 
changed  when  cost  minioiization  was  the  objecllve  function.  Some  heifers  were 

dair>  upon  which  the  model  was  baaed  raised  all  replacemems  cn  farm,  and  sold  a few. 

Genetic  improvement  of  livestock  is  difftcull  to  accomplish  with  purchased  mplacemeois, 
as  dairymen  hove  little  information  or  control  over  Ihe  gcnelic  background  and  potential  of 

dairymen  who  choose  to  raise  replacements  on  farm.  The  model  does  not  cunemJy 

Linear  programming  Is  an  elTective  means  of  simulating  real-life  sinmlions  and 
predicting  outcomes  to  changes  in  existing  conditions.  Use  of  linear  modeling  programs 
may  be  used  effectively  by  daiiymen,  scientists,  extensionists  and  consultants  as  a tool  to 
evaluate  complex  management  and  nutritional  decisions.  Due  to  Ihe  large  sia  of  Florida 
dairies,  a large  scale  opemlion  was  selected  as  the  basis  of  the  model.  In  order  to  assess 
the  flexibility  of  Ihe  program,  and  its  value  to  smaller  dairy  farms,  additional  data  are 


needed  fn 
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